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Abstract of Thesis.
With the object of assessing projected syntheses of vinylheterocycles 
from hydrazinostyrones, the uses of arylhydrazines in heterocyclic synthesis, 
and methods of preparation of substituted styrenes and arylhydrazines, are 
reviewed. Possible synthetic routes to a hydrazinostyrone, taking into 
account the high reactivity of both substituents, and the formation of 
polymeric vinylheterocycles from the hydrazinostyrene, are then discussed.
Attempts to prepare m-hydrazinostyrene are described, in which 
m~aminocinnamic acid was diazotised, and reduced to m-hydrazinocinnamic acid; 
various procedures were investigated, but the amphoteric nature of the 
compounds rendered manipulation somewhat difficult.
Attention was then turned to the formation of vinylheterocycles ty de­
carboxylation of p-(heterocyclic)-acrylic acids, and B-(4.-quinolyl)-acrylic 
acid was subjected to several decarboxylation procedures, but the principal 
product is inferred +o have been a poly-A-vinylquinoline,
m-Hydrazinostyrene was finally prepared by the following routes 
m-nitroacetophonone was reduced to a-methyl-m-nitrobenzyl alcohol, and the 
latter was dehydrated with phosphoric acid to m-nitrostyrene; this was
then reduced to m-aminostyrene, diazotisation of which, and reduction with 
stannous chloride, yielded m-hydrazinostyrene.
The work described in this thesis was carried out in the Organic Chemistry 
Research Laboratories of Battersea Polytechnic (now Battersea College of 
Technology), under the supervision of Dr, C,L. Arcus, to whom the author 
expresses his sincere thanks for constant advice and encouragement.
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INTRODUCTION
INTRODUCTION.
Vinylheterocycles.
Apart from vinylpyridines, which have been extensively studied, 
and vinylpyrroles, few examples of vinyl-substituted heterocycles, in 
which the hetero-atom is nitrogen, appear in the literature. Of 
those which have been described, most are N-vinyl compounds, so that 
very few heterocycles with a vinyl substituent on a nuclear carbon 
atom have been prepared.
Several types of heterocyclic compounds, with a nitrogen hetero­
atom, can be obtained from phenylhydrazine, usually by condensing the 
latter with a carbonyl compound to form a phenylhydrazone, which is 
then cyclised by one of several routes. The cyclisation can often 
be achieved under mild conditions, and the whole synthesis is generally 
applicable to arylhydrazines. It is reasonable to assume, therefore, 
that if a vinyl-substituted phenylhydrazine could be prepared, with 
the vinyl group substituted on a nuclear carbon atom, heterocycles 
could be obtained from this compound without damage to the vinyl group. 
A practicable synthesis of a hydrazinostyrene was therefore sought, 
and since this compound was to be made with the object of synthesising 
vinylheterocycles, information was collected on the use of phenyl­
hydrazine, and other arylhydrazines, in the synthesis of nitrogen 
heterocycles.
Survey of lang-closures which have been Effected with Phenylhydrazines.
I. Pyrroles.
N-aminopyrroles may be obtained from 1:4-diketones and arylhydrazines, 
but reaction may take any of several courses, not all of which lead to 
the required compound. For example:
(a), Dipropionylethane with phenylhydrazine gives an N-aminopyrrolo (l):
Et.CO.CHp.CHp.CO.Et CH.CH
+  X Et.cR "^C.Et
NH^NHPh
NHPh
(b). Desylacetophcnone with phenylhydrazine yields a substituted 
dihydropyrazine; the latter is converted to 1:2?3*5*^tetraphenylpyrrole 
with excess phenylhydrazine (2):
^ H P h . C %  GHPh.GH PMHNHg Php--CH
PhCO ^ C O P h ___X PhCr ^ P h  (oxidation),. \ |
+  ^ % — ^NPh ^  PhQ CPh
mpI\fHPh
Ph
(c), Dibenzoylsuccinic aster gives with phenylhydrazine in acetic acid 
the aminopyrrole, but in alcohol the product is the bisp.yrazclone (3), 
PhG— GH— CH— pPh
N GO GO N
Ph Ph
Succinimido and Maleinimido Derivatives.
Phenylhydrazine behaves like a primary amine, and the derivative
p
obtained is thus of tjrpe G-— .
I N-NHPh
4The following acids have been condensed with phenylhydrazine to form the 
corresponding N-phenylaminopyrrole: aa-Dimethylsuccinic acid (4),
methylmaleic acid (5), succinic acid (6) and tetramethylsuccinic acid (7).
II. Indoles.
Fischer*s Synthesis from Arvlhvdrazones.
The first example of this method was discovered by Fischer and 
Jourdan (8), who boiled the methylphenylhydrazone of pyruvic acid with 
alcoholic hydrochloric acid. The product, C^qH^O^N, proved on invest­
igation (9) to be an indole derivative:
CHg ale. HGl r  I
C Æ  *^ ;g .gooh s. ! I
-CH
^C.GOOH
-NMe
This reaction becomes very general if zinc chloride is substituted 
for alcoholic hydrochloric acid as condensing agent (lO). The aldehyde 
or ketone is first treated with an arylhydrazine having a free ortho 
position and the product is heated at 180-200° with ca. five times its 
weight of anhydrous zinc chloride. By this method, Fischer obtained 
2-methylindole in 60^ yield.
Much improved yields are claimed in D.R.-P. 238138: here a
solvent (naphtha or methylnaphthalene) is used, the temperature being 
below 150°. Acetone in this way gave 1 %  of 2-methylindole; skatole . 
is obtained in 80^ yield from propionaldéhyde (35# by Fischer’s procedure) 
and pyruvic acid yielded 60# of indolecarboxylic acid instead of only 5-6#.
Arbuzov and Tichvinski (ll) showed that the large excess of zinc 
chloride used by Fischer was unnecessary. The reaction is catalysed by
the presence of of ZnClp, CuqClp, Gu^Brp, or PtClq. These substances 
also catalyse the decomposition of phenylhydrazine into aniline, nitrogen 
and ammonia at 150° (aniline is observed as a by-product in the Fischer 
synthesis.)
With some compounds, the synthesis proceeds with exceptional ease, 
for examplei
GH
AgHOValc.
ale, ZnCloo GKIo2
91:02 (12).
J)0
-m
Other examples of equally facile ring-closure are available. In all 
cases, an isopropyl group is present in the original ketone.
The mechanism of Fischer’s indole synthesis has been the subject of 
much controversy, the most plausible theory being that of Robinson (13), 
in which an ortho-benzidine rearrangement of an unsaturated azine occurs:
%
i=G-GH3 HH-CK
"mr CH-
CH.
,x.
-CH
+ m 3 •
From the phenylhydrazono of an unsymmetrical ketone two isomeric 
indoles would be expected. Little work has been done to determine the
course pf reaction in such cases.
Of the veiy many carbonyl compound-s which have been subjected to
the Fischer indole synthesis with phenylhydrazine, examples are;
Propionaldéhyde, benzaldehyde, acetone, methylethyl ketone, methyl-
n-propyl ketone, P-acotopropionic acid, pyruvic acid and acetophenone,
all described by Fischer (14)| the reaction can also be applied to
compounds of less simple character, such as P-aminopropionaldehyde (15)
and, for instance the compound (l6), Arylhydrazines
l^^O.GOPh
which have been condensed with a carbonyl compound and subjected to the 
Fischer synthesis includes o- and p-1olylhydrazines (17) and m-carboxy- 
phenylhydrazine (18).
III. iso-Indoles (Phthalimidos).
Whereas substituted phthalimidos may be obtained from phthalic 
acid, anhydride, ester or chloride and an arylamine, arylhydrazines 
give either a phthalazine (l) or a N-aminophthalimide (ll).
N.NHR
/
I. II.
N-aminophthalimides are very easily obtained by heating together at 
about lOQO equivalent amounts of phthalic anhydride and the corres­
ponding hydrazine, N-aminophthalimides prepared by this method include 
those from phenylhydrazine, p- and p-tolylhydrazines, p-chloro- and 
p-bromophenylhydrazincs, and a- and p-naphthylhydrazines (19)« For 
a particular group R, I and II above are isomeric, and pairs of isomcrides
of this type have been obtained by the action of alkyl iodides on the 
sodium salts of the phthalylhydrazinic acids, obtained by dissolving 
an N-aminophthalimide in alcoholic sodium ethoxide (20). The reaction 
proceeds as follows:
G6H4 3.NHPh
'"CO
.CO.Mlk.NHPh
G/HT
"^<!00H!
,C0.NAlk
I
CO.NPh
CO.'m. NHPh 
GOONa
4^
^O.NH.NPhAlk
C/H
XIOOH
i
ü.NPhAlk
IV. Carbazoles.
These may be obtained by reaction between arylhydrazines and 
cyclic ketones, the reaction being an extension of the Fischer indole 
synthesis. This synthesis was first applied to the carbazolo group 
by Drechsel (21), who heated cyclohexanone with phenylhydrazine and 
obtained a product identified 6 years later by von Baoyer (22) as 
lî 2;3î 4-tetrahydrocarbazolc.
The reaction is of verj^  wide application. Examples of ketones 
which have been cyclised in this manner are: Cvclohexanone-3-carboxylic
acid (23) and -4-carboxylic acid (24)1 3-methvlcvclohexanono (25),
a- and B-naphthol, and various sulphonic acid substituted a- and p- 
naphthols (26) (these naphthols, which exist in tautomeric keto and 
enol forms, react via the keto form), Cyclohexanone has been similarly 
reacted with many substituted arylhydrazines, including the following:
0-, m- and p-nitrophenylhydrazines, o- and p-chlorophenylhydrazines, 
p-bromophenylhydrazine, jg-tolylhydrazine, and a- and B-naphthylhydrazines; 
these compounds were all subjected to the Drechsel synthesis by Borsche, 
Witte and Bothe (25), who obtained good yields by simply heating the 
unpurified hydrazones with dilute sulphuric acid on a water bath. It 
was shown that meta and para substituents in the phenylhydrazine nucleus 
did not hinder carbazole formation, and in the former case the phenyl- 
cyclohexyl linkage took place para (not ortho) to the meta substituent:
i\.
m.N=:G I
, not
Collar and Plant (27), however, describe the preparation of all 
four possible mono-carboxy-acids having the carboxyl group in the 
phenylene ring, from o-, m- and p-hydrazinobenzoic acids and cyclo- 
hexanone. The crude derivative was cyclised by heating it in dilute 
sulphuric acid. The 5- and 7- isomers from the meta-isomer were sep­
arated by estérification of the product, separation by fractional crys­
tallisation, and hydrolysis.
The Drechsel synthesis is limited to the simpler cyclohexanones, 
e.g, no carbazoles were obtained from pulegone, carvone, camphor, or
-3:5-dimethylcyclohexenone,
The tetrahydrocarbazoles can be oxidised to carbazoles by distil­
lation over lead oxide, or by treatment with mercuric acetate or by 
boiling with the theoretical amount of sulphur.
V. Pyrazoles.
Arylhy-drazines have been used in syntheses of homologues of 
pyrazole, the following being the chief methods:
1. From the hydra zones of (5-dike tones and P-keto aldehydes 
or hydroxymethylene ketones; these hydrazones are obtained from 
hydrazines and B-diketo compounds by elimination of water or from 
hydrazines and a-acetylene aldehydes or ketones -C*C-CO- by addition 
(28), but they cannot usually be isolated, since they lose water 
quickly to form pyrazoless
C^H^GO.GHp.COGH3 G^H^G.GHp.COCH3 G^H^C.CH:G.GH3
NHp-NHG/Hc N— NHG.H- N------ N.G6H5
^  ^ l:3-Diphenyl-5-
methylpyrazole.
C^H^CSg .COC5H3 C^H^C.CHg.GOC^H^ G^H^C.CH:C.C^H^+   ^  I I   ^  II I
NHp-NHGÆc N— NHG/H. N-------N.CÆc
12 3-5-Triphenyl- 
pyrazole,
Unsymmetrical B-diketo compounds yield two isomeric pyrazoles, 
since both possible hydrazones are formed. Thus, in the first example 
above, 1 :5-diphenyl-3~methylpyrazole is also formed.
Another pyrazole synthesis consists in the action of aryl- (or 
alkyl-) hydrazines on a-halogenated, unsaturated aldehydes, or ketones 
of the type R.CH:CBi*CO,R (29).
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2. From some hydrazones of monoketones by heating with acid 
anhydrides :
GHo.G = N - N H G / G H . .G=N
I  ^ (GH.G0)20 ^  I HC/Hc + GHqCOOH
CH3 HC=Œ:GH3 '
l-Phenyl-3:5“dimethylpyrazole.
Garboxylic esters of 3-diketones or hydroxymethylene ketones can 
also be condensed with arylhydrazines, forming pyrazolecarboxylic acid 
esters. These derivatives are also obtained by reaction of phonyl- 
hydrazonos of aldehydes with p-keto carboxylic acid esters in the pres­
ence of zinc chloride (30):
Ph.C^H HrC.GOOEt Ph.G— G.GOOEt XI  |  _ ^  +  ( h j )  +  H ^ o
N ■■ HO^C.Ph N C.Ph
IfUPh'-"' 'Sfph
12 3* 5-Triphenylpyrazole-
4-carboxylic acid ester.
X
Atmospheric oxidation probably intervening.
This method illustrates the great tendency towards formation of the 
pyrazole ring,
VI. Pyrazolines.
Those may be formed by the rearrangement of the hydrazones of 
a-olefincarboxaldehydes or ketones in boiling glacial acetic acid (31)s
GH^GH-GH ÇH2-CH2-CH
Ph.NH—  N Ph.lJ  N
A.crolein
phen^rlhydraz one. 1-Phenylpyraz oline,
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VII. Pyrazolones,
5-Pyrazolones may bo prepared;
1. By elimination of alcohol from the hydrazones of p-keto 
carboxylic acid esters. (Some phenylhydrazones of p-keto carboxylic 
acid esters form indole derivatives under the influence of concentrated 
sulphuric acid (32)»)
2, From acetylenecarboxylic acid esters and hydrazines (33).
Keto derivatives of pyrazolidone;
(a), PyrazolidoneSo These are prepared from 8-halogenated 
fatty acids or aB-olefincarboxylic acids and hydrazines. VIhen phenyl­
hydrazine is used, two reactions are possible, depending upon which 
amine group of the hydrazine reacts with the carboxyl group of tho acid,
(b). Pyrazolidinediones, These are cyclic hydrazides of malonic 
acids. l-Phenyl-325-pyrazolidinodione is obtainable from malonic ester, 
phenylhydrazine and sodium ethoxide (34).
VIII. Triazoles.
Derivatives of 2:l:3-triazole are obtained from the osazones of 
l'2-diketo compounds by boiling with acids or by distillation;
Ph. C=N-NHPh Ph.I  > .  I N . P h
Ph. G=N-NHPh ^  Ph.
Benzilosazone 2:4:5-Triphenyl-2:l:3-triazole,
These compounds are also formed from the hydrazoxirnes of l:2-diketo 
compounds, by elimination of water with acetic anhydride or phosphorus 
pentachloride.
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Triazoloncs.
These compounds, keto derivatives of dihydrotriazoles, can be 
obtained from acetylurethane and phenylhydrazines:
GHgCO GH3C » N v
■^1 + NHgNHPh ^  I N.Ph or | ^.Ph
NH.COOR ^  NH— C(f ; N=crbH
This reaction corresponds to the formation of phenylmethylpyrazolono 
from acetoacetic ester and phenylhydrazine.
IX. Tetrazolos.
Tetrazolos can be obtained by condensation of azidobenzeno with 
phenylhydrazones of aldehydes by means of ethanolic sodium ethoxide, 
aniline being eliminated (35);
GHoCH=N.NHPh CH..C=N.N;H-Ph GHoG=N\
+    ^ I / %___ ___ I N.Ph + PhNH2
+ ^  N=N. iNHPh'. N=N^
NfN.NPh
X. Tetrazines. 
v-Tetrazines.
2:3~Dihydro-y-tetrazines, osotetrazines, arc prepared by oxidation 
of osazones;
Ph.G = N— NH.Ph Ph.C = N - N.Ph
Ph.G = N— NH.Ph ^ Ph.G = N - N.Ph.
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Synthesis of Hydrazinostyrenes.
Of the three mono-substituted hydrazinostyrenes, the ortho 
isomer is unsuitable for the present work, since under the mildest 
oxidation-conditionSj ring-closure would probably occur:
/CH=CH2 I
.11
Of tho two remaining isomers, i.e. m- and p-hydrazinostyrene, the 
para is preferable for two reasons, one of which will be discussed 
later (p. 29). The other reason is that, with p-hydrazinostyrene, 
cyclisation of a hydrazone can yield, with a symmetrical ketone, one 
compound only, while m-hydrazinostyrene can yield two (see, for example, 
the work of Collar and Plant, p. 8).
The synthesis of p-hydrazinostyrene from a readily accessible 
compound requires the preparation of a di-p-substituted benzene de­
rivative, one substituent of which would be converted stepwise into 
the hydrazine group -hH-NHp, while the other would be converted into 
the vinyl group A route would have to be chosen so that any
particular step in the sequence did not cause decomposition or attack 
of the substituent not under treatment in that stop. The various 
methods of formation of these two substituents will therefore be con­
sidered in turn. Any route satisfactory in principle for tho synthesis 
of p-hydrazinostyrene should also be applicable to that of m-hydrazino- 
styrene.
uSurvey of Methods which have been used to Prepare Vinyl-substituted 
Aromatic Compounds.
The following are the chief methods, apart from hydrocarbon 
cracking, of preparation of substituted styrenes; they include the 
preparation of some vinylheterocycles:
(i). Dehydration of alcohols.
(ii). Pyrolysis of esters and others.
(iii). Dehydrohalogenation of halides.
(iv). Decarboxylation of cinnamic acids.
(V)o Mis c ollanoous methods.
Method i. Dehydration of Alcohols.
a-methylbenzyl alcohols can be obtained by the Grignard reaction 
from the corresponding aryl bromide or iodide, or alternatively from 
the corresponding aromatic aldehyde. Further, the corresponding 
acetophenone can be reduced:
ArMgBr + CH30CHO ______________^  ArCHOHGH^
Ar CKO + GH.1%1   ^  ArCHOHCK]
ArCOCH^ _________ 2 (H)_________ArCHOHGH^
The secondary alcohol obtained can then be dehydrated. In a 
few cases, a good yield of the styrene results when the alcohol is 
distilled alone, e.g. in the preparation of p-methoxystyrene (36, 37).
A dehydrating agent, however, is usually required, a.nd the most commonly 
used are (a) phosphorus pontoxide, (b) sodiimi bisulphate, (c) activated 
alumina.
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In (a) the reaction is carried out with the alcohol dissolved 
in boiling benzene. A 25/i yield of m-nitrestyrene has been obtained 
by this method (38). Other styrenes prepared in this manner include 
m-tertbutyl- (40/0(39), m-bromo- (51%) (4-0), p-bromo- (40-44^) (41) and 
m-trifluoro.i. lotliyl- ( 54:0 ( 30 ).
Method (b), in which the alcohol is distilled from sodium bi- 
sulphate (or potassium bisulphato or potassium pyrosulphate), usually 
at reduced pressure, and at temperatures of 175-230°, has been applied 
to a great many alcohols, with excellent yields in many cases, e.g. 87% 
for 3Ï5-dimethylstyrene (42), and 86% for p-chlorostyrene (43).
Shorygin and Shorygina (44) performed the reaction with a-methyl-p- and 
p-aminobenzyl alcohols, but give no yield figures. Matsui (45) has 
obtained m-nitrostyrene from a-methyl-m-nitrobenzyl alcohol, using 
potassium bisulphate.
In method (c), in which the vapour of the alcohol, generally at 
reduced pressure, at 300-350^, is passed over activated alumina, there 
is a danger that disproportionation of the alcohol to substituted ethyl- 
benzene and substituted acetophenone will occur.
ArCHOHCH^ AlpOq. 300-3509^ ArCH^CH^ + ArCOGH^ .
Acetophenone has been isolated from such a pyrolysis of a-methylbonzyl 
alcohol. However, the reaction often gives excellent yields, 
p-Aminostyrene was obtained in 20% yield by this method (46), 
2-vinylpyrrole was obtained in fair yield (47), and 3-vinylpyridine 
in 37% yield (48).
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The other main dehydration method for obtaining styrenes is the 
distillation of phenylethyl alcohols from solid potassium hydroxide at 
a pot temperature of about 200°, usually in a copper vessel. The 
phenylethyl alcohol may be conveniently prepared by treating the corres­
ponding arylmagnesium. halide with ethylene oxide:
ArM^L + ArOHpGHpOH.
0^ ~
The styrenes obtained by this method are chiefly halogcno- and alkyl- or 
alkoxy- substituted styrenes. 4-Vinylpyridine (56%) and 2:4-dimothyl-
6-vinylpyridine (78%) were also prepared in this manner (48), as was
5-ethyl-2~vinylpyridine (49). 2-Vinylquinoline, in 47% yield, has been
prepared by heating 2-S-hydroxyethylquincline with hydrochloric acid and 
acetic acid under pressure at 150-160° (50, 51). 2-Vinylquinoline was 
also obtained direct from a reaction-mixture of quinaldine and formaldehyde 
in aqueous ethanol. The solvents wore distilled off, and the residue 
distilled from sodiua hydroxide giving a 49% yield of 2-vinylquinoline (5l)<
2-Vinylpyridine was obtained from 2-P-hydroxyethylpyridino by treatment 
with hydrochloric acid (52) or by heating with sulphuric acid at 160- 
170° (53).
Method ii. Pyrolysis of Esters and Ethers.
The following styrenes have been prepared by pyrolysing the 
corresponding a-mothylbonzyl acetates over glass at 480-600°:
3:4-dichloro- (85% yield) (54), p-acetoxy- (90%) (55), and p-cyano-
(76%) (56). A few other styrenes have been prepared from their acetates, 
under slightly different conditions from the above, but in only one case 
did the reaction occur in solution, this being in the preparation of
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2i/+!5“trimothylstyrene (57), obtained when a:2:4•5"tetramethylbenzyl 
acetate was boiled with potassium hydroxide in methanol.
Substituted styrenes have occasionally been prepared from one of 
their ethers, usually in the vapour phase above 100°. An example is 
the formation of p-phenoxys tyre ne, which occurred when the vapour of 
p-phenoxy-a-methylbenzylisopropyl ether was passed over alumina at 
325-4.50° (58).
Method iii. Dehydrohalogenation of halides.
In a few cases, distillation of a halide produces the corres­
ponding styrene in good yield, e.g. 2;3:4. :5:6-pontachloros tyrene in 
86% yield (59) from the corresponding substituted phenylethyl chloride. 
A more common method of dehydrohalogenation is the treatment of a 
phenylethyl halide with alcoholic potassium hydroxide. In some 
instances, e.g. in the preparation of p-methylstyrene the a-phenyl- 
diethyl ether is also formed (60):
' ^ GHBrCH^ %tOH^ + H3G ^GH=GH2 .
KOH/
Substituted styrenes prepared by dehydrohalogenation with alcoholic 
potassium hydroxide include p-methyl- (60), p-chloro- (6l), 2:3:4%5:6- 
pentachloro- (59, 62), and p-(N:N-dimethylsulphonamido)- (63),
Of the vinylheterocycles, 9-vinylcarbazole, and 9-vinyl-l:2:3:4- 
tetrahydrocarbazole (64) have been obtained by this method, while 
4-vinylquinoline has been obtained in low yield by Meisenheimer who 
heated 4~(5-iodoethyl)quinoline hydriodide in dilute alkali, and
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4.-(p-iodoethjT-l)-quinoline picrate with water (65)« Meisenheimer obtained 
4"Vinylpyridine by the same method (66). A yield of 20% of 3-vinylpyridine 
from the corresponding secondary alcohol was obtained by treating the latter 
with thionyl chloride then heating the product under reflux with saturated 
alcoholic potash (67). . .
Passage of vaporised a-methylbenzyl chlorides over various catalysts 
at temperatures between 330° and 600° occasionally forms the corresponding 
styrene in good yield.
The most widely used method for dehydrohalogenation is to pyrolyse a 
quaternary ammonium salt. In most cases the latter is not isolated, the 
phenylethyl chloride being distilled with a tertiary amine, usually 
pyridine. Thus, 2:5-dimethylstyrene, for example, was prepared in 78/% 
yield from the corresponding phenylethyl chloride using this procedure (76). 
p-Iiitrostyrene was obtained in 85^ yield by heating p-nitrophenylethyl 
bromide with triethanolamine (68),
Another preparation of substituted styrenes is via the pyrolysis of 
a quaternary hydroxide. This is effected either by isolating the compound 
and heating it in the dry state, or by steam-distilling a quaternary halide 
with a strong base. p~Nitrostyrene has been obtained direct from the 
reaction between p-nitrophenylethyldimethylamine and p-nitrophenylethyl 
chloride, the quaternary salt not being isoluble (69).
1-Vinylispquinoline was prepared in good yield by distillation of
1-(8-dimethylaminoethyl)-isoquinoline from powdered potassium hydroxide:
! I I! KOH
à
' y  Ax'
CH2CH2N(CH2)2 GH=GH2 (70).
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Method iv. Decarboxylation of Cinnamic Acids-
This method is of wide application. The decarboxylation is per­
formed by heating the acid alone or with a catalyst. Those styrenes 
obtained by heating the substituted cinnamic acid alone include alkyl- 
methoxy-, and hydroxy-styrenes, while Ecrnthsen and Bonder (71) claim an 
almost quantitative yield of p-aminos tyrene from p-and. noc innami c acid.
The three isomeric nuclear-substituted nitrestyrenes have all been 
prepared, in varying yields, by heating the corresponding P-hydroxyphenyl- 
propionic acid lactone alone or in glacial acetic acid. The lactones 
were formed by treating the corresponding nitrophenyl-p-bromopropionic acid, 
obtained from the corresponding nitrocinnamic acid and bromine water at 0°, 
with sodium carbonate solution in the cold for several hours.
ArCHBrCHpGOOH napGOg^ ArCHGHpGO heat _ ArGH=GHp + GOp 
soln. ' ^ 1 1
The ortho isomer was prepared by Einhorn (72), the meta by Prausnit;
(73), and the para by Konppa (74), who recorded a 70;% yield, and by
Easier (75).
A number of substituted styrenes have been obtained by treating 
the corresponding halogenated phonylpropionic acid with aqueous sodium 
carbonate:
ArGH=GHGOOH H% ArGH%GH2C00H aq. NapGO?^ ArGH=GHp.
This method tends to give rise to side products. In a preparation of
p-nitrostyrene, there was obtained 10% of o-nitrostyrene, 42% of
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p-nitro-.B-hydroxyphonylpropionic acid, and 10% of p-nitrocinnamic acid (72), 
ra-Nitrostyi’Gne has boon prepared in 59% yield from O-bromo-m-nitre- 
phonylpropionic acid (74), and p-nitrostyrene, from the corresponding 
para acid, in 29% yield (75). 2-Vinylqninoline was obtained in small
yield from the hydrobromide of p-bromo-P-(2-quinolyl)-propionic acid by 
boiling the latter in concentrated potassium carbonate solution (78), while
2-vinylpyridine was obtained from ^»-bromo-P-(2-pyridyl)-propionic acid, 
using sodium carbonate solution; this method also yielded p-hydroxy--6- 
(2-pyridyl)-propionic acid (79). ‘
The yields of substituted styrene obtained on catalytic decarbox­
ylation of the corresponding cinnamic acid are greatly dependent on the 
catalyst used. m-Nitrostyrene has been obtained in 60% yield by heating
m-nitrocinnamic acid with quinoline and copper powder (80, 81), while with 
lepidine and copper sulphate, the yield is zero (82), If a suitable 
catalyst is available, the yields are often excellent. However, even 
when a recommended catalyst is used, high yields cannot always be repro­
duced, Thus, in the present work, the use of copper powder in the de­
carboxylation of m-nitrocinnemic acid, under conditions in which 60% 
yields of m-nj.trostyrene had been obtained (126), resulted in yields of 
only 15%.
V. Miscellaneous Methods.
These include treatment of the corresponding styrone dibromide with 
a metal, or a metal and acid, in ether solution. A 70p yield of q-ethyl- 
styrene is reported to have been obtained by this method (83). The other 
styrenes obtained in this manner are all hydroxystyrenes (84, 85, 86).
A few styrenes, mixed with other products, have been produced by
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pyrolysis of various compounds. An example is the pyrolysis of the 
sulphite of 2:4-dimethyIphenylethyl alcohol, in which the alcohol and 
the corresponding styrene were both obtained as products (87):
(G H qA  ^  H g c A  '^-CH^CHgOH +
' "=— 4 3   4 ^
Survey of 'Methods ..which have been used to Prepare Arylhydrazines.
The methods of preparation of arylhydrazines may be divided into 
three classes:
(i) Diazotisation of an amine followed by reduction of the 
diazonium salt.
(ii) Reduction of other compounds.
(iii) Reaction of hydrazine with an aryl halide, or other sub­
stituted aromatic compound.
(i) Diazotisation of an amine followed by reduction of the diazonium salt._ 
This is the most general method; it may be subdivided into four 
different reduction methods.
(a) Reduction by sulphite,
NapSOg 2H HC1,
Ar.NpGl ____^  Ar.N:D80^Na __Ar.NH.NH.SO^Na HpO.^ Ar.NH.NHg.HGl
+ KaCl + NaHSO^
By addition of a cold alkali sulphite solution to a beiizenediazonliüi 
salt, the alkali salt of the bonzohodiazosulphonic acid is formed. This 
may be reduced with sulphurous acid or with zinc duSt and acetic acid, or
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the benzenediazonimi salt may be directly reduced with excess warm alkali 
bisulphite solution; each method yields the alkali salt of the K-phenyl- 
hydrazine-N’-sulphonic acid, which on being heated with hydrochloric acid 
is converted into the phenylhydrazine hydrochloride. This method, used 
by Fischer for phenylhydrazine (88), was also used by both h^^and other 
authors for the preparation of many substituted phenylhydrazines. Two 
examples are the preparation of p-tolylhydrazine, by Fischer (89), in 
which the diazonium solution was treated with sodium sulphite followed 
by zinc dust and acetic acid, then hydrochloric acid, and the preparation 
of o-nitrophenylhydrazine, by Hantzsch and Borghaus (90), in which the 
potassium salt of p-nitrophenylhydrazine-aB-disulphonic acid, obtained 
from the diazonium salt and excess potassium bisulphite, on hydrolysis 
with dilute hydrochloric acid yielded p-nitrophenylhydrazino hydrochloride.
(b) Reduction with stannous chloride.
Ar.h^Cl + 2SnCl2 + 4HC1 _____^  Ar.NH.NHg.HGl f 28nGl,
The reduction is performed by adding a solution of stannous chloride 
dihydrate in concentrated hydrochloric acid at 0° to an ice-cooled solution 
of a diazonium salt. As each drop of reducing agent enters the reaction- 
mixture, it forms a precipitate, which is a salt of the hydrazine and 
stannichloric acid i.e. (Ar.NH.NH^ )2SnCl^, This solid salt, which is 
usually soluble in water, can be added in solution to excess sodium hyd­
roxide solution, which decomposes the complex, dissolves the tin, and thus 
liberates the free hydrazine. Occasionally, the hydrazine hydrochloride 
does not form a complex with the stannic chloride and in this case the
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hydrochloride is usually filtered off as such from the reaction-mixture (9l)« 
The stannous chloride method has been used for the preparation of a 
great number of substituted arylhydrazines. Most arylhydrazines, in fact, 
are prepared either by method (i)(a) or by the stannous chloride method, 
and many are preparable by either method. Examples of preparations using 
stannous chloride are those of phenylhydrazine (91), p- (92), m- (93), 
and p-chlorophenylhydrazine (94), p-nitrophenylhydrazine (95), and m-tolyl- 
hydrazine (96).
(c) Electrolytic reduction.
This method has been used less frequently than the previous two.
It gives very good results for phenylhydrazine itself, for which yields 
of over 90% have been claimed (97, 98), but the yield falls for substituted 
phenylhydrazineso Thus, Takayanagi (97) obtained a 98% yield of phenyl­
hydrazine, a 60% yield of m-tolylhydrazine, a 31% yield of p-tolylhydrazine 
and 36% yields of p- and p-hydrazinobenzoic acids.
Electrolytic reduction of sodium benzenediazosulphonate has been 
used to obtain phenylhydrazine (99).
(d) Reduction of a diazo-compound with other agents.
m-llitrophenylhydrazine hydrochloride has been prepared by reducing
the corresponding diazonium chloride with tin and hydrochloric acid, 
below 0°, Besides the reduction of diazonium chlorides or sulphonates, 
reduction of other diazo-compounds has been used to prepare arylhydrazines, 
ihus, potassium 4-chlorobenzene-antidiazotate (lOO), and potassium ben- 
zene-antidiazotate (lOl), have been reduced with sodium amalgam to the 
corresponding arylhydrazines.
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(ii) Reduction of other compounds.
Sodium amalgam has been used in a number of cases besides those 
given above. Among the compounds which have been reduced with this 
reagent are phenylnitrosohydroxylamine (102) and p-tolylnitrosohydro]iyl- 
amine. An excess of sodium amalgam has also been used to convert 
benzophenone hydrazone into a-hydrazinodiphen«lmethane (IO3),
Ani.line and phenylhydrazine are obtained on treatment of a cold 
alcoholic solution of diazoaminobenzene with zinc dust and acetic acid (IO4), 
while 2s5-dichlorophenylhydrazine has been formed by reduction of 
2:5:2';5'-tetrachlorodiazoaminobenzene with stannous chloride (105).
(iii) Reaction of hydrazine with an aryl halide, or other substituted 
aromatic compound.
This method is used chiefly for heavily substituted benzene 
derivatives, in which the condensation of one substituent, usually a 
halogen, with hydrazine is promoted by the other, electrophilic, sub­
stituents. Thus, 2:4-dinitrochlorobenzene, on being heated with a 
freshly prepared alcoholic solution of hydrazine hydrate, yields 2:4- 
dinitrophenylhydrazine (l06)s
NO2 _
Gi Js. —
+ ^
NOn 4^ 0
Other hydrazines obtainable by this method include 2:6-dinitrophenyl~
(108) and 2:4=6“trinitrophenyl“hydrazine (107). Triphenylmethyl chloride
(109), a-chloro- and a-bromo-acetic acid, and a-bromo-p-phenylpropionic
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acid similarly yield the corresponding hydrazines (llO).
The increase in reactivity conferred on a substituent by many 
nitro-groups is so great that picrylhydrazine, and also 2:4:&-trinitro-
3-methylphenylhydrazine, can be obtained from the respective trinitro- 
anisoles by treatment in alcohol with hydrazine hydrate (ill). Less 
reactive starting-materials require stronger conditions. For instance, 
a- and B-naphthylhydrazines can be obtained from the corresponding naphthol 
by heating with hydrazine hydrate in a sealed tube at 160°. Phenyl­
hydrazine itself is formed in small yield by this method (112).
From the examples described above, it is seen that the methods of 
preparation of arylhydrazines which could be applied to compounds of the 
type likely to be encountered in the present work are the reduction of 
an aryldiazonium chloride with stannous chloride, and the reduction of 
an aryldiazosulphonate j formed from the diazonium chloride and alkali 
sulphite. Reduction of diazonium or diazo compounds by stronger reducing 
agents would probably not be satisfactory, and, since electrolytic 
reduction involves the formation of "nascent" hydrogen at a cathode, it 
is considered unsuitable for use with compounds containing carbon-carbon 
double bonds. It is unlikely that a suitable compound could be prepared 
of sufficient activity to condense with hydrazine.
OBJECTS OF THE PRESENT WORK
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OBJECTS OF THE PRESENT WORK
The ultimate object is the production of polymeric chains bearing 
heterocyclic groups. There are two methods by which this pay be done, 
represented by the L.H, and R.H, routes in the following schemes
vinyl precursor
cyclisation reaction 
vinylhetero cycle
polymerisation
polyvinyl precursor
polymerisation cyclisation reaction
polyvinyiheteiocycle
A possible method, important because of the variety of heterocycles 
which can be synthesised from hydrazines, is via the preparation of vinyl- 
hydrazines. Such syntheses have been described and discussed in the 
Introduction.
For the vinylhydrazines, two routes were projected:
(l) Formation of an arylhydrazine, followed by the introduction of a 
vinyl group. Examples
NO-A
CH3
NO2
GHO
NO2 NH/
A
GH=GHGOOH CH=GHGOOH
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Ë=U Cl
r
CH=CHCOOH CH^CHCOOn
NHl'H-
(2) Formation of the vinyl group first, followed by introduction of the 
hydrazino-group, a procedure exemplified by the following route: i
CH.
GHOH
V
GH=GH, CH=CH2 GH=OH,
"A,
X
NO, NHg
If the synthesis of a hydrazinestyrene were found to be impossible, 
or very difficult, then to obtain the vinylheterocycles theoretically 
proparable from a hydrazine styre no, it would be necessary to form the 
heterocycle from an intermediate in one of the routes to hydrazinestyrene 
in which the hydrazine-substituent is already present, and then form the 
vinyl group on the heterocycle.
It was hoped that a hydrazinostyrene could be prepared, from which 
vinylheterocycles could be obtained, as the possibilities of interesting 
polymerisation work would be greatly increased, for the following reason: 
In an addition polymer of poly-p-hydrazinostyrone, it is evident 
that the hydrazine-groups will remain:
—— CH*-— CHo—  ÇH CHp ÇH GHp ÇH Clip*'— ÇH—— Clip—— CH CHo
/ A  / S ,  / S  ^
NHHH,
A
NHNH2 NHNH2 NHNH•''^2 NHNH, NHNH,
29.
(This shows the greater accessibility of the hydrazino-group in poly­
pe hydrazinostyrene than in a similar polymer of the meta isomer; this 
is the second reason for preferring para to meta, the first reason having 
already been discussed on page 13.)
Reaction of these hydrazino-groups with a carbonyl compound, followed by 
cyclisation of the polymeric hydrazone should give rise to a polymeric 
heterocycle. For example, with cyclohexanone:
I +
X
.CH— GHp. -pH GH2 pH— GH2-^H'
A
N.
-GHr
-II
V
This heterocyclic polymer (ll) could then be compared, both physically 
and chemically, with the product (ill) of polymerisation of the monomeric 
heterocycle from the same carbonyl compound and monomeric p-hydrazino- 
styrene.
Differences in tlx, polymers (ll) and (ill) would arise fiom the fact 
that all the hydrazino-groups in poly-p-hydrazinostyrene are unlikely to 
be accessible to a reacting ketone, due to steric hindrance, and further, 
reaction involving adjacent hydrazino-groups may occur. An effect of 
this type, which could be strong or weak, would be concordant with previous 
knowledge of the subject. Thus, Arcus (113) found that the main product 
of the- reaction of poljmiethaciylamide in aqueous solution with hypobromite 
or hypochlorite is a polymer containing a small quantity of amine units (l)
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considerable carboxyl units (ll), probably alkylacylurea units (ill) and 
also unreacted amide units (IV).
-GH2G(CH2)- -CH2G(GH2)- ~CH20(CH2)GH2G(GH2)- -CH2Ç(CH2)-
NH2 GOpH m-CO-NH-GO GOmg
(I) (II) (III) (IV)
While the formation of the amine groups (l) was due to the Hofmann 
reaction proceeding in a conventional manner, and the carboxyl groups (ll) 
were a result of alkaline hydrolysis, the alkylacylurea groups were formed 
by interaction between adjacent isocyanate and halogeno-amide groups»
The mixed character of the polymer is an indication of what might happen 
during reactions of a polyhydrazinostyrene » Polymerisation of a vinyl- 
heterocycle, on the other hand, wouI.d yield, if cross-linking could be 
avoided, a uniform molecule.
In the present work, the route (l) (p. 27) was first investigated, 
in view of an apprehension that the vinyl group might become reduced to 
ethyl, or might polymerise, during route (2) (p. 28); however, con­
siderable experimental investigation of (l) did not lead satisfactorily 
to vinylhydrazines.
Route (2) was therefore embarked on and, in fact, a route was eventually 
found which led to a satisfactory preparation of m-hydrazinostyrene.
However, as this was obtained late in the course of investigation, con­
version of this compound into heterocycles was not attempted.
DISCUSSION
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DISCUSSION
Attempted Preparation of p-Hydrazinostyrene.
The synthesis of p-hydrazinostyrene, from a readily obtainable compound, 
involves the following considerations:
The final product is a substance carrying two highly reactive sub­
stituents, namely, the hydrazine group and the vinyl group. Almost the 
only route to the hydrazine group is the sequence nitre-, amino-, diazo-, 
hydrazine-, while the vinyl group may bo obtained by decarboxylation of 
the group -ÜH-JKGOÛH, by dehydration of an alcohol group, or b;- other methods, 
It was necessary to choose a route to p-hydrazinestyrene which carried 
least danger of attack of one substituent by a reagent being used to treat 
the other substituent. It was considered that the most vulnerable state 
would be that in which a viryl substituent was already in the molecule 
during the reductions of nitro- to amino- and diazo- to hydrazine-.
It was therefore decided to prepare the vinyl group last of all which, 
besides diminishing the danger of reduction of the vinyl to an ethyl group, 
also prevents any possibility of addition-polymerisation occurring during 
any but the final stage. An attempt was accordingly made to synthesise 
p- hydrazinostyrene by the following series of reactions:
% NO,
A
NH-
A A
CH' CHO CH=CHCOOH CH=GHCOOH
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Cl
GH=GHCOOH
m m . NHNH,
CH=GHCOOH GH=GH-
p-Nitrobenzaldehyde was prepared by chromium trioxide oxidation of 
p-nitrotoluene, according to Org. Synth, (ill), the p-rdtrobensaldiacetate 
first formed being hydrolysed by aqueous alcoholic sulphuric acid to 
p-nitrobenzaldehyde. The latter was converted into p-nitrocinnamic 
acid by a Perkin reaction, under conditions described in Org. Synth, (115) 
for the preparation of m-ni troc innami c acid.
p-Nitrocinnamic acid was thus obtained without difficulty, but no 
method could be found which gave a workable yield of p-aminocinnamic acid, 
von Miller and kinkelin (ll6).described the reduction of the ethyl ester 
of p-nitrocinnamic acid to p-aminocinnamic acid using tin and hydrochloric 
acid, hydrolysis of the ester occurring during the reaction. This 
reduction method was applied to the free p~nitrocinnamic acid; the 
product, a brown solid, contained some aromatic amine, since it gave a 
red dye when diazotised and coupled with P-naphthol. When conversion of 
the brown solid to p-hydrazinocinnamic acid was attempted, no tractable 
end-product was obtained. The von Miller-Kinkelin method was therefore 
abandoned. Gabriel (117) obtained a 54% crude yield of p-aminocinnamic 
acid from p-nitrocinnamic acid, by reduction with ferrous sulphate solution 
to which ammonia had leen added. One reduction was carried out with this 
reagent, but no satisfactory yield was obtained,
m-Kitrobenzaldehyde is commercially available, while ammoniacal
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ferrous sulphate has been used by several authors for reduction of 
m-nitrocinnamic acid, indicating that the method probably gives better 
results for the meta isomer than for the para. In view of these two
factors, it was decided to perform the, series of reactions shown on pages
32-33, using the meta isomer, and starting with m-nitrobenzaldehyde.
(It is necessary to mention at this point that excellent yields of both 
m- and p-aminocinnamic acids have been reported by Blout and Silverman 
(118), reduction being achieved by hydrogenating the corresponding nitro- 
acids under pressure, using Raney nickel catalyst. At the time of per­
forming the present experiments, however, no hydrogenator of a suitable 
type was available.)
Preparation of m-Hydrazinocinnamic Acid,
m-Nitrobenzaldehyde was converted into m-nitrocinnamic acid by (a) 
the Perkin reaction, as described for p-nitrocinnamic acid, and (b) by- 
heating the aldehyde under reflux with pyridine, ethanol and malonic acid
(126). Method (b) gave a slightly higher yield of purer material.
Reduction of rar-nitrocinnamic acid with ferrous sulphate and ammonia, 
followed by addition of excess hydrochloric acid, yielded m-aminocinnaraic 
acid hydrochloride as a white solid from which the free amino-acid was 
obtained, as yellow needles, by treatment with sodium acetate solution. 
The yield was fair, though to obtain a specimen of the amino-acid of high 
purity, several recrystallisations were necessary.
The conversion of ra-aminocinnamic acid to m-hydrazinocinnamic acid 
was achieved after several unsuccessful attempts. Substituted phenyl- 
hydrazines are normally prepared by diazotisation followed by reduction
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of the diazonium salt with bisulphite, or with stannous chloride at 0^ , 
the former method being the more common. The nature of m-aminocinnamic 
acid rendered its conversion to m-hydrazinocinnamic acid difficult, for 
several reasons: First, the amphoteric nature of the amino-acid caused
its hydrochloride to be very insoluble in cold dilute hydrochloric acid, 
so that diazotisation did not proceed easily. Second, it was unlikely 
that stannous chloride.could be used as reducing agent, since in this 
method a double salt is usually formed between the arylhydrazine hydro­
chloride and the stannichloride ion SnCl^ . The arylhydrazine is 
normally liberated by alkali, the stannichloride being converted into 
sodium chloride and sodium stannato. An amphoteric, carboxyl-substituted 
arylhydrazine cannot be liberated by this method, since its water-soluble 
sodium salt is formed. Occasionally, the double salt is not formed (91), 
and the arylhydrazine hydrochloride separates from the reaction-mixture 
as a crystalline solid. On reduction of diazotised m-aminocinnamic acid 
with stannous chloride, a solid product containing tin was obtained, so 
that any m-hydrazinocinnamic acid hydrochloride, even if it were present, 
could not have been separated via caustic soda treatment. Third, bisul­
phite ion is liable to attack a§ unsaturated acids, forming sulphonic 
acids, and it is considered that this occurred in several of the attempted 
reductions, in which intractable solids containing both nitrogen and 
sulphur were obtained as products*
After several variations of the sulphite reduction method had been 
found to be unsuccessful, it was decided to carry out the preparation of 
a known carboxyl-substituted arylhydrazine, in order to gain some experience 
in working with amphoteric amines and hydrazines.
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Accordingly, the conversion of p-aminobenzoic acid to p-hydrazino- 
benzoic acid was carried out, using the procedure described by Veibel 
and Hauge (119)(a method which had not yet been applied to m-aminocinnamic 
acid). p-Aminobenzoic acid was diazotised in the usual manner, the 
resulting solution of diazonium chloride was poured into sodium sulphite 
solution, and the diazo-sulphonate formed was then converted into the 
hydrochloride of p-hydrazinobenzoic acid by treatment with acetic acid 
and zinc dust, followed by hydrochloric acid. The hydrochloride of the 
hydrazino-acid separated as a micro-crystalline solid on chilling the 
reaction-mixture. It was found that the hydrazine hydrochloride tended 
to decompose if heated in aqueous solutions for arç/" length of time, and 
this was avoided in subsequent work with hydrazino-acids.
The method was found to be satisfactory, and was therefore applied 
to m-arainocinnamic acid, with one modification: p-Aminobenzoic acid is
not completely insoluble in cold dilute hydrochloric acid, so that it was 
possible to carry out diazotisation in the normal way. With m-amino- 
cinnamic acid, which appears to be very insoluble (as hydrochloride) in 
cold dilute hydrochloric acid, a reverse diazotisation technique, in which 
the amino-acid was dissolved in alkali, sodium nitrite was added, and the 
whole then allowed to fall dropwise into excess hydrochloric acid, was 
ajjplied. By treating the resultant diazonium solution with the minimum 
possible sulphite consistent with effective reduction, at room temperature 
only, for one hour, a somewhat impure specimen of m-hydrazinocinnamic acid 
was obtained; the benzal derivative was found to have the expected 
nitrogen content. Further, the free hydrazino-acid was prepared by addition
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of sodium acetate to an aqueous solution of the hydrazino-acid chloride, 
and the melting point of the acid, 196-197°, agreed with that (194-195°) 
given in a recent (1956) paper containing the first description of this 
compound (l20). The authors (Hunsberger et aJ^ ) obtained the substance 
by a slight variation of the method described for p-hydrazinocinnamic acid 
by Fischer and Kuzel (l2l). This was method III (p. 70 , Exptl. part) of 
the present work, a procedure which had been concluded to be unsatisfactory
on the grounds of the indefinite composition of the product, which was as 
follows; There was obtained a small yield of a material which gave a solid 
product with benzaldehyde, but this derivative could not be crystallised; 
it was dissolved in chloroform, filtered, and the chloroform was distilled 
off. The residue contained; N, 7.87, while requires N, 10,52%.
This method was therefore put aside, and the success of method V (p. 74,
Exptl» part), described above, rendered the further study of method III 
unnecessary for the present work.
Estimation of Phenylhydrazine.
It was found that the m-aminocinnamic acid hydrochloride prepared by 
ferrous sulphate-amraonia reduction contained an appreciable quantity of 
unchanged m-nitrocinnamic acid, the removal of which necessitated the 
preparation, followed by the recrystallisation, of free m-aminocinnamic 
acid. This procedure considerably decreased the yield of the latter, 
and was not considered worthwhile. The m-nitrocinnamic acid, however, 
was found to be present in m-hydrazinocinnamic acid hydrochloride also, when 
this compound was prepared from the impure amino-acid. The hydrazino-acid 
was also considered to be contaminated with inorganic salts. Since
recrystallisation, or purification bj- isolating the free hydrazino-acid, 
would reduce the yield considerably, a method of estimating the purity of 
the crude hydrazine was sought. The only readily applicable method appeared 
to be that of Maclean (122), in which Fehling’s solution is reduceo. to 
cuprous oxide, the latter is filtered off, oxiaiseo with ferric sulonate, 
and the ferrous ion formed is titrated, against standard permanganate.
Before using the method for m-hydrazinocinnamic acid, its suitability 
was tested by carrying out estimations of pure phenylhydrazine. It was 
found that the method gave results repeatable to within about 8%. It 
is suspected that the chief source of error is due to air-oxidation of 
cuprous oxide on the filter. The relation between phonyIhydrazino-groups 
and ml. of 0.1000-N permanganate is determined by an experimental factor, 
and the results obtained indicate that given by Maclean to bo low for 
phenylhydrazine. This factor would be expected to be different for sub­
stituted phenylhydrazine8, and it is concluded that the accuracy of this 
method as a general procedure is not high.
Attempted Synthesis of B-Acr?/'lic Acid Substituted Heterocycles.
It was decided to investigate the use of m-hydrazinocinnamic acid 
in the preparation of B-acrylfc acid substituted hotcrocyclos, with a view 
to their subsequent' decarboxylabion to vinylheterocycles.
1. Attempted Preparation of l:2:3:4-Tetrahydrocarbazole-7-p-aorylic Acid.
This compound should be obtainable by maintaining m-hydrazinocinnamic 
acid and cyclohexanone under conditions suitable for ring-closure of the 
substituted phenylhydrazone initially formed. Alternatively, the sub­
stituted phenylhydrazone could first bo prepared, isolated, and then
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cycliscd. Both thoso methods wero tried, and in neither case was 
l:2:3:4-tGtrahydrocarbazole-Y-§-acrylic acid obtained. Addition of 
cyclohexanone to a solution of m-hydrazinocinnamic acid in dilute acetic 
acid gave an immediate flocculent yellow precipitate which, however, could 
not be crystallised. When cyclisation was attempted by boiling an initial 
reaction-mixture containing cyclohexanone and the hydrazino-acid under 
reflux with glacial acetic acid, an intractable yellow solid, m.p. above 
300°, was formed, while on being boiled with dilute sulphuric acid, the 
solution rapidly darkened, and on diluting with water, an intractable, 
dark coloured solid was obtained. Attention was therefore turned to the 
preparation of another ,6-acrylic acid substituted heterocycle.
2. Attempted Preparation of 2-Phenylindole-6-P-acrylic Acid.
In this case, the crystalline hydrazone was obtained in good yield 
from acetophenone and m-hydrazinocinnamic acid, but it decomposed to a 
dark green, intractable solid when cyclisation was attempted.
3c Preparation of Quinaldine-5~^-acrylic Acid.
In view of the iiffi.oulty in obtaining pure m-hydrazinocinnamic 9 aid 
in good yield, coupled with the reluctance of derivatives of this compound 
to cyclise cleanly, it was decided, to investigate the possibilities of 
cyclising m-aminocinnamic acid. For example, by heating this compound 
under reflate with paraldehyde and hydrochloric acid, quinaldine-5-P-acrylic 
acid is formed (123)î
GH=GHCOOH CHo H
+ 0 0
! I /CH3
HHpHGl 0 ,G,
O"' 'H (HGl)
+ 3H2O + 200^
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Quinaldine-5-“p“acrylic acid having been prepared, its decarboxylation 
could be attempted.
On performing the above reaction, a low yield of quinaEine-5“6~ 
acrylic acid was obtained. The experimental conditions were not given 
in detail by Eckhardt, the author of the above paper; in two runs, for 
45 minutes and 120 minutes, the yield was low in each case. Before under­
taking what would be a lengthy investigation into the optimum conditions 
for this reaction, it was decided to prepare another, more readily synthesised 
6-acrylic acid substituted quinoline, and investigate its readiness to 
decarboxylate. Provided a good yield of corresponding vinylquinoline 
could be obtained, the development of the optimum conditions for the prep­
aration of quinaldine-5-6-acrylic acid would be worthwhile. 6-(4-quinolyl)-
acrylic acid was selected as a suitable compound.
4. Preparation of 6-(A-fuinolyl)-acrylic Acid.
This compound has been synthesised from lepidine and chloral in 60)6 
yield by Clemo and Hoggarth (124):
GHzGHOHGGlj
GGlyGHO^
GH=CHGOOH
ale. KOH
X
The preparation of 5-(4~quinolyl)-acrylic acid by this route proved satis­
factory, and the formation of 4-vinylquinoline from the product was attempted.
Investigation of the Decarboxylation of 6-(A-Quinolyl)-acrylic .'-cid.
Decarboxylation was first attempted by heating the solid acid with
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(a) copper powder and (b) soda lime.
(a). Copper powder, which is often used for decarboxylation in 
conjunction with a high-boiling organic base, was used alone with 
p^(^-q-uinolyl)-acrylic acid; tne addition of a catalyst such as quinoline 
was precluded since the product would itself be a high-boiling organic 
base. In each of several runs, using one to six grams of acid, a small 
quantity of dark brown distillate was obtained, with a residue of dark 
solid. It appeared that no reaction took place until the acid melted.
The distillate from one of these runs had: Î-1, 7.96, while C-^ HqN (4-vinj’‘l-
qijdnoline) requires N, 9.Q3%| in another run, a picrate was prepared 
from the distillate which had: N, 14.71, while requires
N, 14.58)L In all runs, the bulk of organic material remained as a 
dark solid.
(b). The results of heating P-(4-quinolyl)-acrylic acid with excess 
soda-lime were much the same as those with copper powder; the small 
quantity of distillate obtained rapidly became converted into a brown 
tarry gum.
When the acid was heated alone, the results were similar. It was 
found that ^-(4-quinolyl)-acrylic acid rapidly decarboxylated at its 
melting-point (ca. 265° for the specimens used), and, since no distillate 
was obtained when this occurred, even when the reaction was performed under 
reduced pressure, it was concluded that the 4-vinylquinoline formed 
immediately polymerised, to yield a dark residue in the flask. The 
residue from decarboxylation was freely soluble in dilute mineral acid, 
from which it was precipitated, usually as a flocculent brown solid, but 
sometimes as a gum, by the addition of excess caustic soda. On the
4.2
assumption that decarboxylation and polymerisation, only, have taken place 
during heating of the acid, a yield of 12% of precipitated material was 
obtained from the acid. A specimen of the flocculent precipitate had an 
intrinsic viscosity at 25° of 0.028 in 0.48-N hydrochloric acid, and of
0.041 in 2-ethoxyethanol; these values indicate that the material is
probably a low molecular-weight polymer. An accurately weighed specimen
of the polymer was dissolved in excess standard 0.5~H hydrochloric acid 
and back-titrated with standard 0.1-N sodium hydroxide until a trace of 
permanent precipitate was obtained. From the results, the equivalent of 
the polymer was found to be 170. requires equiv. 155» Found,
for the polymer: N, 7.99? (C-|-|HgN)^  requires N, 9.03)6.
An attempt was made to depolymerise a specimen of the material dis­
cussed above, by heating it in a bath at above 400°; a small yield of 
a brown distillate was obtained which, after dilution with cyclohexane. 
was dried and redistilled; it had b.p. 144-146°/30 mm,, the yield being 
18% w/w of the original polymeric material.
This distillate was maintained at 100° for 5 hours with a trace of 
benzoyl peroxide. No appreciable increase in viscosity occurred. To 
the brown liquid obtained, was added 3 times its weight of styrene, and 
2j% (of the weight of the reaction-mixture) of benzoyl peroxide. The 
mixture was maintained at 80° under nitrogen for 60 hours. At the end 
of this time a sticky solid was obtained, which was dissolved in hot 
benzene; the hot solution was poured into a large excess of methanol, 
yielding a white solid. The washed, dried solid was completely insoluble 
in dilute mineral acid, and contained no nitrogen. The disbillabe did 
not, therefore, copolymcrise with styrene, but merely acted as an inert
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solvent in which the styrene polymerised,
From the above experiments, it is found that ^~(4~qiiinolyl)-acrylic 
acid decarboxylates at its melting-point, but, it is inferred, the 4-vinyl, 
quinoline formed immediately polymerises at this temperature to poly- 
4“Vinylquinoline:
n
GH=GHp " GH- OH, GH GH,
Very strong heating of the pol^ nner produces a little decomposition, but 
the distillate obtained does not polymerise, or copolymeriso with styrene, 
as 4“Vinylquinoline would be expected to.
In an attempt to achieve decarboxylation of P-(4-quinolyl)-acrylic 
acid at a much lower temperature, it was boiled under reflu]c for four 
hours in 10/^  sodium carbonate solution, in the presence of a little quinol. 
The dark brown homogeneous liquid formed was allowed to cool, and was 
extracted with ether; the dried ether-extract, however, yielded no 
residue.
In view of the lack of successin the preparation of 4-vinylquinoline 
from S-(4"quinolyl)-acrylic acid, no attempt was made to improve the yield 
of qui'naldine-5-^^ -acrylic acid from m-ami no cinnamic acid and paraldehyde.
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Attempted Condensation of oP-Unsaturated Aliphatic Aldéhydes and 
Ketones with Hydrazine,
It is convenient at this point to discuss some possibilities arising, 
and results obtained, on treatment of c^-unsaturated aliphatic aldehydes and 
ketones with hydrazine. The following compounds were treated, at temper­
atures varying between 0 and lOQo, with varying quantities of hydrazine 
hydrates methylvinyl ketone, methacrylic aldehyde, methylmethacrylate 
and acrolein. It was hoped in this manner to prepare the following 
derivatives:
Çf
¥
If
GH^ GH=GH2
1. Methylvinyl 
ketazine.
GHg-G=GHp
I” ^
ÇH
CH^ -GzzGRg
2, Methacrolein 
azine.
GH=GH2
OH
if
&
CH=CH2
3. Acrolein 
azine.
GH2=n_G0-NHim2
GH^
4-. Methacrylic 
acid hydrazide.
GH2=GH-G;=H-NHp
GH^
5. Methylvinyl
ketone hydrazone.
GH-
6, Methacrolein 
hydrazone.
GH2=GH-GH=N-m2 7. Acrolein h^ rdrazone.
The above compounds, if formed, would be expected to show strong 
tendencies to ring-closure, forming pyrazolines:
! I I
.G=G-CO + H 2 N ,m o
I I I 
_C=G-G=N-NHn
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To minimise these tendencies, low temperatures and high dilutions were 
used, the reactions being carried out in methanolo
In the event of one or more of these derivatives being prepared, 
the polymerisation, and copolymérisation with styrene, of each compound 
could be investigated. These operations alone would raise interesting 
possibilities, since, while methacrylic acid hydrazide, for example, would 
be expected to form essentially a polymer(l), below, of substituted poly­
ethylene type, acrolein azine could be copolymerised with styrene in a 
manner analogous to p-divinylbenzene, yielding (ll):
GHo GH^ GH;^
—  GH2—  G— GH2--G— GHg—  6 — GHg—  G —  GHg—
G0NimH2 com#i2 commi2 ùomim2
I. Hypothetical polymer of methacrylic acid hydrazide.
—  GHn—  ÇH—  GH^—  ÇH— GHn— ÇH —  GHn--
Ph ' GH Ph
I
ÇH
— GHg—  GH— GH,. GH GHg-- GH—  GHg—
^ Ah ^ ^ A  ^
II. Hypothetical copolymer of acrolein azine with styrene.
A polymer of this type, if preparable, could be treated in various 
ways. Thus II, above, if treated with nitrous acid, could be converted 
to a polymeric amine by the Gurtius reaction; this would parallel the 
work described by Arcus (113), who subjected polymethacrylamide to the 
Hofmann reaction (see p. 29). Reduction of II above is another possible 
line of investigation.
It was found, however, that under the conditions required to avoid
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(a) ring-closure of the products, and (b) polymer formation, these con­
ditions being, respectively, low temperature and high dilution, the required 
derivatives were not formed. Each reaction-mixture was poured into water,
but yielded no solid product, and the whole, on extraction with ether, in no
W(k
case gave an appreciable yield of product. The main^of the reactants (or 
products) was therefore present in the aqueous extracts. The latter were 
basic (pH 10-11). Addition of either acid or alkali produced no precipitate 
(except in one case, the preparation of methacrolein hydrazone, when hydrazine 
sulphate was precipitated).
A colour-test for pyrazolines described by Knorr (125) was performed 
on each aqueous extract, but a green colour was obtained in place of the 
expected red to blue.
It thus appears that, under the réaction-conditions used, the monomeric 
azines or hydrazones are not formed, either as final products, or as inter­
mediates which self-condense to form heterocyclic rings of pyrazoline type.
Since these results were entirely negative, the reactions were aban­
doned, and attention was directed to the preparation of hydrazinostyrenes.
It has already been seen that the first investigated route to a hydrazino- 
styreno was unpromising; the amphoteric nature given by the 5-acryl,ic acid 
group, -CH=CHGOOH, to the amines, hydrazines, and heterocycles described 
above appeared to be the prime cause of the lack of success in obtaining 
well-defined products in many of the reactions investigated. It was there­
fore decided to attempt the preparation of m-hydrazi.c.-styrenc by a loute, 
different from that first investigated, in which the simultaneous presence 
of an acidic and a basic substituent was avoided.
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Preparation of m-Hydraainostyrenet
GH=GH
1.
4.
CH=CHCOOH
-NO,
GH=GH,
2.
5. >
GH=GH
-NO
GH=GH,
This route does entail the presence of the vinyl group during the 
reduction stages.
Stage 1, the preparation of m-nitrocinnamic acid, has already been 
discussed. Stage 2 is described in Org. Synth. (126), a yield of 55/o of 
m-nitrostyrene being claimed on decarboxylation of the m-nitrocinnamic 
acid by heating it in previously purified, dry quinoline, in the presence 
of copper powder, at 185-195^ for 3 hours. This method was tried, and in 
two runs, in which the experimental conditions given were carefully ob­
served, yields of only 14 and 15^ were obtained. The purification of 
the quinoline, by steam distilling the latter in acid solution, followed 
by making alkaline, extracting, drying and distilling, was laborious. 4 
different approach was therefore decided on, in which the starting material 
is acetophenones
GH^-C^O GHg-G=0 CH^CHOH GH=Gîh
V A NO, V A NO,
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CH=CH2
m.
CH=CH, GH=CH,
L.
3=N Cl NHNH,
m-Nitroacetophenone,
This material was prepared according to Org. Synth. (127), with 
modifications described by Morgan and Watson (128), by the nitration, 
below 0°, of acetophenone dissolved in sulphuric acid, with a mixture of 
nitric and sulphuric acids. A 70/^  yield of ra-nitroacetophenone was 
obtained.
An 84% yield of this compound was obtained by reduction of ra-nitro- 
acetophenone by Lund’s method (129), in which aluminium in dry isopropanol 
is used; the equilibrium is displaced to the right b^' distilling off the 
acetone (together with excess isopropanol) as it is formed. The aluminium 
complex is finally decomposed by pouring the reaction-mixture into dilute 
sulphuric acid, the alcohol separating as a thick yellow oil which rapidly 
crystallises.
m-Nitrostyrene - Investigation of the Dehydration of 
g-Methyl-m-nitrobonzyl Alcohol.
m-Hitrostyrene has been prepared from a-methyl-m-nitrobenzyl alcohol 
by the use of the following dehydrating agents:
Reference.Reagent. 
Phosphorus pentoxide. 
Potassium bisulphate.
Yield,
25%
f
Marvel et aX» (38).
Not stated I Matsui (45)
Acetic anhydride/
sulphuric acid, 70:6 Smets and Peckers (130),
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In view of the 70% yield claimed by Smets and Reckers, this method
was first used. However, the product obtained had b.p. 112.5-114*5°/0.8 mm. 
25
nj) 1.5260, and did not decolorise bromine in carbon tetrachloride in the 
cold. The above authors state that their product had b.p, 120-121 /ll mm., 
which agrees with literature values for the boiling point of mr-nitrostyrene. 
The reaction of an alcohol with acetic anhydride, in the presence of sul­
phuric acid, generally yields the acetate of the alcohol, and the compound 
obtained in the present work is concluded from its analysis (Found:
C, 58.11; H, 5.39; N, 6.95, ^io%1^^^4 0, 57.40; H, 5.30;
N, 6.70%), to be a-methyl-m-nitrobenzyl acetate.
Smets and Rockers state in their paper, entitled "Polymerisation and 
Copolymerisation of m-Pitrostyrene” that the dehydration of a-methyl-m- 
nitrobenzyl alcohol was effected by boiling this compound in five times 
its volume of acetic anhydride, to which had been added a few drops of 
sulphur:c acid. No information is given as to the treatment of this 
reaction-mixturo, the account continuing by stating that after distillation 
in vacuo and purification, the yield was 70%, In the present work, the 
reaction-mixture was poured into water, and the yellow oil formed was 
extracted with ether. From this extract a-methyl-m-nitrobensyl acetate 
was obtained in good yield. The experiment was repeated, with replace­
ment of the acetic anhydride by acetic acid in case there had been an 
error in the original paper. A yellow oil was similarly obtained, of 
wide boiling-range, the lowest fraction of which boiled at a higher 
temperature than does m-nitrostyrene. It is considered that the oil was 
a mixture of acetate and unchanged alcohol. In a third experiment the 
use of acetic anhydride was reverted to: after the reaction-mixture
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had been heated under reflux, the acetic anhydiide was distilled off, and 
the residue distilled at low pressure. A little distillate, of boiling 
point corresponding to that of a-methyl-m-nitrobenzyl acetate, was obtained. 
The residue was dark and gummy.
Smets and Reckers found that their product copolymerised only to a 
very limited extent with styrene, using benzoyl peroxide as initiator.
Since this appears to be the only paper in the literature in which the 
copolymerisation of m-nitrostyrene with styrene using benzovl peroxide 
has been discussed, there are no other results with which their findings 
can be compared. Wiley and Smith (8l) found that the bulk polymerisation 
of m-nitrostyrene with benzoyl peroxide is very slow, a fortnight elapsing 
before m-nitrostyrene and 0,3% benzoyl peroxide, under nitrogen at 80 , 
became solid. Steam distillation of the polymerised product, however, 
removed very little monomer, indicating nearly complete conversion to 
polymer, Smets and Reckers carried out their attempted copolymerisation 
in benzene solution, at 75°, for periods from 4-7 hours. Very little 
comparison can therefore be made of the ease of polymerisation of thoir 
material and that of Wiley and Smith.
It is known that aromatic alcohol acetates are not converted to the 
corresponding styrene in conditions such a.s were used by Smets and Reckers 
in their above preparation (see Introduction, page 16).
It is concluded that Smets and Reckers' method loads to a-methyl-m- 
nitrobenzyl acetate, and, for the- preparation of m-nitrostyrcnc, attention 
was turned to further dehydrating agents.
a-Methyl-m-nitrobenzyl alcohol was next heated with anhydrous potassium 
bisulphate, and the reaction-mixture distilled at low pressure. In the
first experiment; with 1% of potassium bisulphate (by weight of alcohol),
little distillate was obtained, the residue from the distillation being
dark and gummy. In a second run, using 10% of potassium bisulphate, a
distillate boiling over a range of 30°, consisting mainly of unchanged
alcohol, was obtained.
A very strong dehydrating agent, 20% oleum, was next tried: when
excess alcohol was taken, the alcohol was recovered unchanged on pouring
the reaction-mixture into water; in the presence of excess oleum the
alcohol charred, and yielded a gummy product.
Marvel et al. (38) obtained a 25% yield of m-nitrostyrene by heating
under reflux a-methyl-m-nitrobenzyl alcohol in solution in benzene in the
presence of about 10% (of weight of alcohol) of phosphorus pentoxide; the
benzene layer was evaporated and steam-distilled, yielding m-nitrostyrene
in the distillate. The residue from the stean-distillation was extracted
with benzene, dried, and again treated with phosphorus pentoxide, the
product being steam-distilled as before. The whole process was then
repeated (i.e. three stoam-distillations in all).
An attempt was made to dehydrate the alcohol in one run by boiling
a benzene solution of a-methyl-m-nitrobenzyl alcohol under reflux with an
excess of phosphorus pentoxide (1,1 mole to 1,0 mole of alcohol). The
reaction-mixture was poured into water after two hours' heating, and the
benzene layer separated. Distillation of the product, after removal of
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benzene, gave a 19% yield of material n p 1.5721, which decolorised bromine 
in carbon tetrachloride in the cold.
Kenyon and Young (l3l) obtained ay-dimethylbutadiene from ayy-tri­
me thylallyl alcohol by distilling the latter with a small quantity of iodine,
On distillation of a-methyl-m-nitrobonzyl alcohol with 2% by weight
of iodine, at 10 mm. pressure, the alcohol was gegained in 60% yield.
The most satisfactory dehydrating agent was found to be syrupy
phosphoric acid (d 1.74)*
Dehydration with this reagent was first attempted by distilling a
mixture of a-methyl-m-nitrobenzyl alcohol and excess phosphoric acid; two 
23drops only, of n^ 1.5822, were obtained of distillate. It was noticed 
that the reaction-mixture, which at 60° was a clear yellow solution, rapidly 
became cloudy at a bath-temperature of 100°, indicating the formation of 
m-nitrostyrene. It appeared that on further heating, the acidity of the 
reaction-mixture caused polymerisation of tho m-nitrostyrene-. This view 
was confirmed by the state of the residue after the attempted distillation; 
it was extremely viscous, and on pouring it into water a brown flocculent 
solid was produced.
From the above experiment, a possible method of obtaining m-nitrostyrene 
would be by heating together a-methyl-m-nitrobenzyl alcohol and phosphoric 
acid, pouring the reactants into water, extracting the organic phase with 
benzene and, finally, distilling.
This method was investigated by variation of time of heating and 
maximum temperature, A yield of 45% of m-nitrostyrene of high purity was 
finally obtained. This yield was obtained by using a ratio (ml. of 
phosphoric acid: grams of a-methyl-m-nitrobenzyl alcohol) of 8:1; the 
reaction-mixture was heated in 12 minutes to 125°, and maintained thereat 
for 60 seconds. Slight variation of these factors did not greatly affect 
the yield but, in a run with an 8:1 ratio as before, the maintenance of
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a temperature of 120° for five minutes lowered the yield to 31%, • Details 
of the runs, performed are given in the Experimental section (page 103).
Thus, whilst it is stated that m-nitrostyrene has been prepared in 
55-59% yield from m-nitrocinnamic acid (126), this method gave much lower 
yields when used in the present work, and it is concluded that the 45-46% 
yields obtained by dehydration with phosphoric acid, although somewhat 
lower, are more than compensated for by the simplicity of the procedure. 
m-Aminos tyrene.
m-hitrostyrene has been reduced to m-aminostyrone by the following 
reagents:
Reagent.
Stannous cliloride 
in HCl,
Yield, 1 Reference,
Not I Komppa (74)• 
ascertainable i
Tin and HCl. 41% Matsui (45).
Zinc and HCl, 84% of a polymer of 
m-aminostyrene HCl.
Wiley and Smith (80).
A new reduction method, developed by Balcom and Forrest (132), was 
first tried. These authors found that hydrazine hydrate, in tho presence 
of Raney nickel, selectively reduces nitro- to amino- groups, the reaction 
being performed in ethanol at temperatures between 25° and 100°. On 
applying the method to m-nitrostyrene, a 12% yield of pure ra-aminostyrene 
was obtained.
The next method investigated was that previously used Komppa. The 
work is described in his Dissertation, and no access to this was found as 
there is apparently no copy in London, Beilstein (133) being the source
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of information usod. Tho reduction conditions were therefore based on 
those used ty Coombs (134) for the reduction of 2-nitrofluorenone, in 
which the latter compound, hydrated stannous chloride, hydrochloric acid 
and ethanol were boiled together under reflux for 6 hours, and then cooled. 
The insoluble tin complex was then colleated, and decomposed with an excess 
of 2-N sodium hydroxide, whereby the free base was liberated. It was 
found that, with m-nitrostyrone, reduction under these conditions was cont- 
plete in 15 minutes; no solid complex wa,s formed between the amine and the 
tin, and the whole reaction-mixture was therefore made alkaline and steam- 
distilled, yielding m-aminostyrene as a colourless oil in the steara-dis­
tillate, The base, after extraction with benzene, was finally distilled, 
in the presence of a little quinol, under oxygen-free nitrogen, giving a 
final yield of 48% of pure m-aminostyrene, 
m-Hydrazinostyrpne.
As has been earlier stated, the two main methods for the preparation 
of arylhydrazines are the reduction of the aryldiazonium chloride (a) with 
bisulphite (or formation of the diazo-sulphonate and reduction of this) and
(b) with stannous chloride. In method (a), the reaction proceeds in three 
stages- first a diazo-, then a hydrazino-sulphonate is formed, and the last 
is then converted to the hydrazine hydrochloride. In (b), the reaction 
is performed at 0° to avoid decomposing the diazonium chloride. There 
may again be an intermediate product- the tin complex of the hydrazine 
hydrochloride, i.e. (ArEHîïH^ '*")2.SnCl^, from which the free arylhydrazino 
is liberated on treatment with excess alkali,
(a). Attempts using Sulphite.
In three attempts to prepare m-hydrazinostyrene by reduction of a
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solution of m-vinylbonzonodiazonium chloride which had been treated 
with sulphite, no tractable end-products could be obtained, although 
the diazotisation of m-aminostyrenc proceeded smoothly. The conditions 
used in each attempt, and the products in each case, were as follows:
(i). In tho first attempt, a solution of m-vinylbcnzenediazonium 
chloride, obtained by a normal diazotisation procedure, was added directly 
to a solution of sodium bisulphite and, after 45 minutes' warming, hydro­
chloric acid was added, and the mixture warmed for 3s' hours. A solid 
product, which was non-crystallino in appearance, was obtained. It was 
found to bo insoluble in water, ethanol and methanol, and in non-polar 
solvents. It contained nitrogen and sulphur, and no halogen. It 
appeared unchanged after two hours in boiling hydrochloric acid.
(ii), A solution of m-vinylbenzenediazonium chloride was poured 
into sodium sulphite solution, the mixture was treated, after 20 minutes, 
with zinc dust and acetic acid, and the whole was heated on a steam bath. 
After cooling, the solution was treated with hydrochloric acid, yielding 
a heavy precipitate, which again appeared non-crystalline. A portion
of this precipitate was dissolved in acetic acid, sodium acetate was added, 
and the whole added to bonzaldehyde, producing a small yield (13% by weight 
of starting-material) of a flocculent yellow precipitate, which was non­
crystalline in appearance, and resisted crystallisation from numerous 
solvents.
(iii). m-Vinylbenzenediazonium chloride solution was added to alkaline 
sodium sulphite solution, and sulphur dioxide was passed through the warmed 
mixture. To the warm solution was added hydrochloric acid, yielding a
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brown precipitate, which was again non-crystalline in appearance, and gave 
a precipitate with benzaldehyde (and also with cyclohexanone) which could 
not be crystallised. Steam-distillation of an alkaline solution of the
acid-precipitated material yielded no organic distillate. Acidification 
of the clear residue from the steam-dj stillation yielded the bulk of the 
organic material as a flocculent brown solid which, after thorough washing, 
contained both nitrogen and sulphur, and no chlorine.
The product from attempt (i) was not m-hydrazinostyrenr hydrochloride 
since, apart from its poor crystallinity, it contained sulphur but no 
chlorine; nor was it m-vinylbenzenediazo-sulphonate, nor m-vinylphenyl- 
hydrazino-sulphonate, since it was unchanged by hydrolysis conditions which 
in either of those events would have yielded m-liydrazinostyrene hydro­
chloride. The products in (ii) and (iii) closely resembled that in (i), 
that is to say, the variations in pH and temperature in the three reaction- 
mixtures had little effect. It was concluded that the bisulphite had 
attacked the m-vinylbenzenodiazonium chloride in some other way^
A probable explanation is found in work by Kharasch et al. (135,136). 
Kharasch and his coworkers found that aqueous solutions of bisulphites 
react with olefins in the presence of oxygon or certain other agents, one 
of which is nitrite ion. Addition of the bisulphite takes place by a 
free-radical mechanism in a manner contrary to Harkownikoff*s rule to give, 
in the case of styrene, a mixture of sulphonic acids. In the light of 
this knowledge, it is considered that attack on the double bond in the 
vinyl group occurs when m-vinylbenzenediazonium chloride is maintained 
with bisulphite in aqueous solution; both atmospheric oxygen, and probably
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a little nitrite ion remaining from the diazotisation stage are present 
to act as reaction-promoters. It is probable that the sulphonic acids 
formed react with the diazo- and hydrazino- groups present to form highly 
condensed material of uncertain composition.
(b), Attempts using Stannous Chloride.
In view of the attack on the carbon-carbon double bond in m-vinyl­
benzenediazonium chloride by bisulphite, it was decided to investigate 
the stannous chloride reduction method, A trial was first made, in which 
m-toluidine was converted into m-tolylhydrazine. The latter was liberated 
from the tin complex- in three ways:
(i). The tin complex was dissolved in hot water, and hydrogen 
sulphide was passed into the solution until precipitation of the tin 
was complete. After filtration of tho hot solution, m-tolylhydrazine 
hydrochlrride was deposited as vh-i.te needles from the hot filtrate as it 
cooled.
(ii). To a solution of the tin complex was added excess sodium 
hydroxide solution, liberating the arylhydrazino as an oil, which was 
then steam-distilled. This method was unsatisfactory, a poor yield of 
m-tolylhydrazine, which appeared to be somewhat decomposed, being obtained 
in the steam-distillate.
(iii). The m-tolylhydrazino, obtained as an oil ty alkali treatment 
as in method (ii), was directly extracted with benzene, washed, dried and 
distilled, and this procedure was found to be satisfactory.
From these results, it was decided to attempt the prepars^tion of the 
tin complex of m-hydrazinostyrone hydrochloride, and to isolate the free
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base by method (iii) above. Method (i), the use of which in the prep­
aration of p-nitrophenylhydrazine is described by Bischler (95), would 
be unsatisfactory in this case, as the double bond in the vinyl group 
would be prone to attack by the hydrogen sulphide.
Accordingly, m-aminostyrene was diazotised, and to the solution of 
m-vinylbenzenediazonium chloride was added, dropwise, stannous chloride 
in hydrochloric acid. The tin complex was formed satisfactorily; after 
completion of the addition it was collected, dissolved in hot water, and 
poured into excess sodium hydroxide solution. Extraction with benzene, 
washing, drying and, finally, distilling in the presence of quinol, under 
nitrogen, yielded a pale yellow liquid which solidified on strong cooling. 
On analysis this liquid was found to contain the carbon, hydrogen and 
nitrogen required for m-hydrazinostyrene. It readily gave a benzal 
derivative which could bo recrystallised to constant melting-point without 
decomposition, and which analysed satisfactorily for benzaldehyde m-vinyl- 
phenylhydrazone. The m-hydrazinostyrono was obtained in 39% yield from 
m-aminostyrene.
Conclusion.
The synthesis of m-hydraz ino styrene was thus achieved; had time 
permitted, there seems no reason why the series of reactions which were 
found to be successful in this synthesis should not have been applied to 
p-nitroacetophenone to obtain p-hydrazinostyreno. p-Nitroacetophenone 
cannot be prepared by direct nitration of acetophenone, but has been 
obtained by Bowman (137) in 99% yield from p-nitrobenzoyl cliloride by
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boiling the latter, with ethoxymagnesiomalonic ester, in a mixture of 
propionic and sulphuric acids. The reaction-mixture is poured into 
water, excess propionic acid is removed by steam-distillation, and the 
p-nitroacetophenone is isolated from the residue.
It is seen that the fears for attack of the vinyl group in the two 
reduction stages (nitro- to amino- and diazo- to hydrazino-), which 
caused the synthesis of m-hydrazinostyrene to be first attempted via 
the substituted cinnamic acid, were not realised, except when the 
diazonium chloride was treated with sulphite or bisulphite. In this 
case, tho diazotised cinnamic acid appeared to be almost as prone to 
attack by those reagents as did the diazonium chloride carrying a 
vinyl group. The difficulty was avoided by the use of tho stannous 
chloride reduction method for m-vinylbcnzenediazonium chloride (a method 
which, as discussed on p. 35, is not applicable to a diazo-acid), which 
gave a fair yield of m-hydrazinostyrene, characterised by analysis of the 
compound itself, and of its benzal derivative.
EXPERIMENTAL
(Melting-points are corrected.)
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EXPERIMENTAL
Attempted Preparation of p-Hydrazinocimamic acid.
Stage 1. Preparation of p-Nitrobenzaldlace bate,
p-Nitrotoluene (50 g., 0,36 mole) was dissolved in glacial acetic 
acid (570 ml,). Acetic anhydride (565 ml,, 6 moles) was meapured out, 
and chromium trioxide (lOO g,, 1 mole) was dissolved in a portion of 
the acetic anhydride, the remainder being added to the solution of 
p-nitrotoluene. Sulphuric acid (d 1.84; 85 ml., 1.5 moles) was added 
slowly with ice-cooling and stirring to the solution of p-nitrotoluene.
At 5°s the solution of chromium trioxide was added dropwise with stirring 
and ice- salt cooling, the temperature being kept below 13°» After 
stirring for a further ten minutes, and standing overnight, the reaction- 
mixture was poured into chipped ice (4 L.). Cold water (2 L.) was then 
adddd. The precipitate formed was filtered off, washed with cold water 
until the washings were colourless, and stirred with sodium carbonate 
solution (2%; 500 ml,). The solid was filtered off, washed with cold 
water, then with cold alcohol (96%; 20 ml.), and dried in vacuo. The 
p-nitrobenzaldiacetate - (Z4 g.) had mp, 121-122°.
The above constitutes a modification of the method of Org. Synth.,(114.) 
The preparation was repeated, and on this occasion the chromium trioxide- 
acetic anhydride mixture deflagrated during its preparation. The original 
method of Org. Sj/nth. was then rowortod to, us follows:
p-Nitrotoluene (50 g.) was dissolved in glacial acetic acid (570 ml.),
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and acetic anhydride (565 ml.) was added. Sulphuric acid (85 ml.) was 
then added slowly, with ice-cooling and stirring. At 5° solid chromium 
trioxide (100 g.) was added in small portions to the mixture, at such a
rate that the ' température did not rise above 13°. When the addition was
complete the reaction-mixture was treated exactly as in the oxidation 
described above. The p-nitrobenzaldiacotate (43 g.) had m.p. 120-122°.
In both methods, p-nitrobenzoic acid was obtained as a by-product 
on acidification of the filtrate from the sodium carbonate treatment.
Stage 2. Preparation of p-nitro benzaldehyde.
p-nitrobenzaldiacetate (22 g.) was heated under reflux with water 
(50 ml.), ethanol (96%; 50 ml.) and sulphuric acid (d 1.84; 5 ml.) for 30
minutes. The resulting solution was filtered hot; the filtrate was
chilled and deposited crystals which were filtered off and dried in vacuo, 
yielding p-nitrobenzaldehyde (9.3 g.), m.p. 105°.
Stage 3. Preparation of p-nitrocinnamic acid.
p-nitrobenzaldehyde (9.0 g.), fused sodium acetate (8.0 g.) and 
acetic anhydride (redistilled, b.p. 141-144°; 14 g.) were thoroughly 
mixed together, and heated under reflux for ten hours, at an oil-bath 
temperature of 180°. The reaction-mixture was then allowed to cool 
to about 60°. Water (50 ml.) was then added, and the mixture was filtered 
after standing overnight. The product, after washing with cold water, 
was dissolved in ammonia (l vol. ammonia d 0,88 diluted with 9 vols, 
water; 150 ml.). The solution was filtered and the p-nitrocinnamic acid 
reprecipitated by adding the filtrate to dilute sulphuric acid (8%, lOOmt). 
The p-nitrocinnamic acid, after being filtered off and washed with water, 
was again dissolved in ammonia, reprecipita bed, filtered off and washed.
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The acid was then air-dried, and finally in vacuo. It (6.8 g.) was 
recrystallised from industrial methylated spirit (600 ml,). The 
recrystallised product (4.2 g.) had m.p, 292°. In another run, 1.0 g. 
of crude product was recrystallised from anisole (redistilled; 50 ml.), 
yielding fine yellow leaflets (0.92 g.) m.p, 296°. Lit. m.p. for 
p-nitrocinnamic acid is 288°.
Stage 4. Attempted Preparation of p-Aminocinnamic Acid Hydrochloride.
Von Miller and Kinkelin (ll6) describe the reduction of the ethyl ester 
of p-nitrocinnamic acid, hydrolysis of the ester occurring during the 
reaction. In tho following experiment, the free nitro-acid was used.
p-Nitrocinnamic acid (5.0 g.), granulated tin (24 g.) and industrial 
methylated spirit (50 ml.) were placed in a flask fitted with a reflux 
condenser. Hydrochloric acid (d 1,18; 20 ml.) was then added. After 
the reaction had subsided, the mixture was heated on a steam bath for 
thirty minutes. The liquid was decanted from excess tin into water 
(200 ml.). Hydrogen sulphide was then passed through the solution until 
precipitation of tin was complete. The tin sulphide was filtered off, 
and the filtrate was evaporated on a steam bath till its volume was 
reduced to about 15 ml. The resulting liquor was cooled in ice, then 
filtered. Both filtrate and residue were then dried over sulphuric acid 
in vacuo. Yield (evaporated filtrate + dried residue): 2.43 g.
A small quantity of the product was diazotised and coupled with 
p-naphthol. A solid red product was formed, showing the presence of 
a primary aromatic amine.
Stage 5. Attempted Preparation of p-Hydrazinocinnamic Acid.
A parallel preparation, that of p-hydrazinobenzoic acid from
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anthranilic acid, is given in Org. Synth. (138).
The product obtained in stage 4 (2,4 g,) was stirred with water 
(12 ml.) and hydrochloric acid (d 1.18; 13 ml.), with ice-salt cooling.
At 0°, sodium nitrite (0.83 g«) in water (8 ml.) was added dropwise.
After the addition, the mixture was diluted with ice-water (6 ml.).
The diluted mixture was added slowly to water (92 ml.) saturated with 
sulphur dioxide, the temperature being kept between 5 and 10°, and the 
sulphur dioxide current being maintained throughout the. addition. The 
cooling-bath was then removed, the sulphur dioxide being passed for a 
further 30 minutes. During this time a brown solid was formed. After 
12 hours, hydrochloric acid (d 1.18; 115 ml.) was added. The solid (A) 
was filtered off, washed with water, and dried at 40° (1,8 g. ).
The solid A (0.9 g.) dissolved in 10% caustic soda forming a red 
solution which was shaken with benzaldehyde. The product was an oil 
which solidified on scratching but could not be crystallised.
The solid A was insoluble in dilute hydrochloric acid, implying 
the absence of the hydrazino-group, and it did not give the colour reaction 
for phenylhydrazine reported by Meyer (139) ia which, on addition of a 
crystal of sodium nitroprusside to a warmed solution of phenylhydrazine 
in formaldehyde, a blue coloration, deepening on addition of alkali, is 
obtained.
Stage 4. Attempted Preparation of p-Aminocinnamic Acid (Second Method) ., 
p-Nitrocinnaraic acid (8.0 g.) was dissolved in N-ammonia (53 ml.).
The solution was poured into a hot solution of ferrous sulphate crystals 
(FeS0^.7H20| 72 g.) in water (200 ml.). Ammonia (d 0.89? 53 ml.) was 
immediately added. After 10 minutes at 90°, the mixture was filtered
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hot. To the filtrate was added excess acetic acid (glacial). A 
white solid was formed which redissolved at about 50°, and after 
cooling and standing for three days the solid was not reprecipitated.
To the solution was added ammonia (d 0,88) dropwise. At pH 10, a brown ' 
precipitate formed which was filtered off and dried.
Attempts to benzoylate and to acetylate the solid were unsuccessful.
Attempted Preparation of m-Hydrazinocinnamic Acid.
Stage 1. Preparation of m-Nitrocinnamic Acid, .
Method I,
m-Nitrobenzaldehyde (m.p. 53°; 20 g.) was converted into m-nitro­
cinnamic acid as for the p-isomer using freshly fused sodium acetate (l6 g.) 
and acetic anhydride (redistilled; 28 ml.), the reaction-mixture being 
heated at 180° for 11 hours. The m-nitrocinnamic acid, after its 
second precipitation from dilute ammonia, was dried and recrystallised 
from ethanol (300 ml.). The brown needles obtained (18 g. ) had m.p. 
199-200°.
Method II,
m-Nitrobenzaldehyde (100 g.), malonic acid (77 g.), ethanol 
(96%; 170 ml.) and pyridine (redistilled; 17 ml.) were heated together 
on a stood bath under refiwx for 7 hours. The mass of crystals was 
broken up and the whole ice-cooled. The crystals were filtered off, 
washed with cold alcohol (70 ml.) and with cold ether (2 x 70 ml), then 
heated under reflux with alcohol (200 ml.) for three hours. The mixture 
was cooled and filtered, and the m-nitrocinnamic acid was then allowed 
to air-dry; it consisted of colourless crystals (96 g.), m.p. 202°.
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Stage 2. Preparation of m-Aminocinnamic Acid.
m-Nitrocinnamic acid (6.0 g. ) was dissolved in hot ammonia (l vol. 
of ammonia d 0,88 diluted with 9 vols, of water; 100 ml.). The hot 
solution was added to a solution of ferrous sulphate crystals (FeS0^ ,7H20| 
54 g.) in boiled distilled water (200 ml,), to which excess ammonia had 
been added immediately before, at 90°. After 10 minutes, with stirring 
at intervals, excess hydrochloric acid (d 1.18) was added slowly and 
the mixture was filtered hot. The filtrate on cooling deposited a 
white solid, which was filtered off, washed with a little dilute hydro­
chloric acid, and dissolved in hot water. The solution was filtered hot. 
Sodium acetate solution (10%; 50 ml.) was then added to the filtrate, and 
the solution, of pH about 6, was filtered hot. The red filtrate was 
allowed to cool, a brown solid being deposited. This was filtered off 
and allowed to air-dry. It (3.6 g.) was recrystallised from water, and 
then had m.p, 150-154°' Its hot aqueous solution was treated with 
charcoal, and filtered hot; yellow needles deposited from the filtrate, 
having m.p. 174°* Recrystallisation from water gave pale yellow needles, 
m.p. 177°, The filtrate from the original brown solid gave further 
brown solid on evaporation, and this, after treatment as above, gave 
yellow needles, m.p. 176°. Tho two specimens (m.ps. 176 and 177°) were 
combined (1,7 g.) and recrystallised from ethanol (96%; 14 ml.), giving 
a small yield of m-aminocinnamic acid, yellow needles, m,p. 183°•
Ingold and Piggott (140) record m,p, 185°.
Preparation of Arylazo-p-naphthol Derivative.
m-Aminocinnamic acid (0,1 g.) from the above preparation was ground 
finely and stirred with dilute hydrochloric acid. Sodium nitrite (O.O6 g,)
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in water (l ml*) was added dropwise to the ico—cooled, stirred suspension 
of the hydrochloride. The mixture was then added dropwise to P-naphthol 
(0.09 g*) in excess cold 2N-caustic soda. A red solution with some 
solid was obtained. On addition of dilute hydrochloric acid, further 
precipitation occurred. The red solid was filtered off, washed with 
water, dried on a porous plate, and recrystallised from glacial acetic 
acid. Fine red crystal clumps were obtained, m.p. 257-260° (decomp.).
This compound does not appear to have been reported in the literature. 
Preparation of Acetyl Derivative,
m-Aminocinnamic acid (0.5 g.), glacial acetic acid (2 toi.) and 
acetic anhydride (2 ml.) were heated together under reflux for 30 minutep.
The resulting clear solution was filtered from a little solid, diluted 
with water and warmed to redissolve the fine solid formed, A yellow 
powder was deposited on cooling. This was filtered off, dried and re­
crystallised, first from water then from aqueous alcohol. It had m.p. 240°. 
Ingold and Piggott (140) record m.p, 237°.
In another preparation of m-aminocinnamic acid, as hydrochloride,
78 g. of m-nitrocinnamic acid were reduced as before with ammoniacal 
ferrous hydroxide. The reaction-mixture, after acidification, was 
filtered hot, and the m-aminocinnamic acid hydrochloride deposited from 
the cooled filtrate was collected and air-dried (48 g.). The ferric 
oxide residue was extracted with hot water (ig- L. x 3; 1 L x 2); each 
extract deposited a white solid on cooling. These solids were collected 
and portions of each were treated with dilute hydrochloric acid and 
sodium nitrite solution, the mixture being added to B—naphthol in 
2N-caustic soda. In no case was a red dye produced. The solids were
\0
9therefore combined; the dried material (8.0 g.) had m.p, 196-200^ 
mixed m.p, with m-nitrocinn8.mic acid, 197-200°.
Stage 3. Attempted Preparation of m~PIydrazinooinnamic Acid..
Method I. A parallel preparation, that of p~hydrazinobenzoic acid frpm 
anthranilic acid, is given in Org. Synth. (138).
m~Aminocinnamic acid (2.2 g,, 0.012 mole) was mechanically stirred 
with water (12 ml, ) with ice-cooling, and to the mixture was added hydro­
chloric acid (d 1.18; 13.6 ml.), A suspension of the cream hydrochloride 
was formed. At 0-5°, sodium nitrite (0,86 g., 0,012 mole) in water (9 ml.) 
was added dropwise. Five minutes after completion of the addition, a 
positive starch-iodide test was obtained. A solid was still present in 
suspension. Cold water (6 ml.) was added, and the mixture was added, 
in small portions, to water saturated with sulphur dioxide, at 0-10°.
The addition required 15 minutes. Sulphur dioxide was passed through 
the mixture throughout the addition, and for a further 30 minutes, the 
cooling bath being removed for this period* During the addition an 
orange precipitate was formed. This (A) was filtered off after standing 
overnight, washed twice with cold water, and allowed to air-diy. Yield:
1.6 g. To the filtrate was added hydrochloric acid (d 1.18; 120 ml.).
A cream-coloured solid was deposited which (B) was filtered off, washed 
with hydrochloric acid (50$ of concentrated acid; 2 ml.) and allowed to 
air-dry. Yield: 0.9 g.
Investigation of Solid A.
The solid contained sulphur and nitrogen. It was insoluble in
ÇH = CH - COOH 
cold water. A possible formula is: >
NH - NH.SO-H
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This should be converted to ra-hydrazinocinnamic acid hydrochloride by 
heating with hydrochloric acid. The solid was therefore heated with 
excess 50% hydrochloric acid; it appeared unchanged after nine hours. 
The solid was also unaffected by damp hydrogen chloride (see Method III). 
A small quantity of the solid which had been heated with hydrochloric 
acid, on treatment with acetophenone in aqueous ethanol, in the presence 
of excess sodium acetate, gave no solid product.
Investigation of Solid B.
The solid contained nitrogen, A little of the solid was dissolved 
in hot water, and excess sodium acetate was added, the pH of the solution 
being about 7. The yellow solution on cooling deposited yellow crystals, 
m.p. 204° (decomp.).
Assuming B to be m-hydrazinocinnamic acid hydrochloride, it was 
allowed to react with acetophenoreand sodium acetate. It did not give 
a reproducible product; one specimen (m.p. not sharp, sinters 114-116®) 
had equivalent (i) 308 (ii) 303s using phenolphthalein as indicator.
The material contained traces of alkali-insoluble impurities. Calc, for 
HOgC.CH = CH.C^H^.NH.N = p(CH^), equiv* 280.
It was concluded that method I does not yield n^hydrazinocinnamic 
acid hydrochloride in a satisfactory state of purity.
Method II.
m-Aminocinnamic acid (2.2 g.) was diazotised exactly as in method 
I. The suspension of solid was added with stirring to a suspension of 
sodium sulphite crystals (NagSO^.TH^O; 8.0 g.) and anhydrous sodium 
carbonate (l.2 g.) in water (5 ml.). A brown solid in a yellow solution
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was obtained. The mixture was warmed to 30®, saturated with sulphur 
dioxide, warmed to 70°, and filtered, A dark broim residue C (lj2 g.) 
was obtained. To the filtrate was added hydrochloric acid (d 1,18; 12 ml,), 
A brown solid D (0.8 g,) was deposited on cooling. This was filtered 
off, leaving a yellow solution.
Investigation of C.
The solid contained nitrogen. The bulk of the solid was insoluble 
in dilute hydrochloric acid. It did not reduce Fehling’s solution. The 
solid was soluble in non-polar solvents, but could not be recovered from 
them except Ijj evaporation to dryness. Attempts to prepare derivatives 
were unsuccessful.
Investigation of D,
The solid contained nitrogen. It rapidly reduced Fehling* s 
solution on gentle warming. An attempt to prepare a benzal derivative, 
using acetic acid as a solvent, and in the presence of sodium acetate, 
resulted in the formation of a red solid, which could not be crystallised.
On repeating the preparation, with the omission of the sodium acetate, a 
brovm solid was formed which could not be crystallised.
It is thus indicated that method II, also, does not satisfactorily 
yield m-hydrazinocinnamic acid.
Method III. A parallel preparation, that of p-hydrazinocinnamic acid, 
is recorded by Fischer and Kuzel (l2l),
Fischer and Kuzel prepared the p-acid in two stages, stage (i) 
being the formation of the sodium sulphonate salt of the hydrazino-acid, 
and stage (ii) the conversion of this to p-hydrazinocinnamic acid.
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Stage (i). Attempted Preparation of the Sodium Sulphonate Salt 
of m-Hydrazinocinnamic Acid.
To m-aminocinnamic acid (8.15 g.) was added hydrochloric acid (d 1.19; 
6.2 ml.) diluted with water (57 ml.). The hydrochloride of the amino-acid 
was precipitated. Sodium nitrite (3.45 g.) in water (30 ml.) was added 
dropwise with stirring and ice-cooling. The reaction-mlxturo was then 
added to a cold neutral saturated solution of sodium sulphite heptahydrate 
(31.5 g.). A clear, dark orange solution was obtained. Hydrochloric 
acid (d 1.19; 3.1 ml,) and water (l ml.) were then added, immediately fol­
lowed by zinc dust, in the cold. The solution became yellower. The 
reaction-mixture, after filtration from the zinc dust residue, was cooled,
A white solid separated; this was removed by filtration, and the filtrate 
was warmed on a steam bath, which caused the separation of more white solid. 
This was filtered off. The filtrate was heated on a steam bath, and kept 
saturated with sodium chloride at the same time, and then cooled strongly. 
Glacial acetic acid was then added; the slow separation of an orange solid 
resulted. After standing for two days, this solid was filtered off and 
washed with water. The crops of white solid were washed with cold water, 
and all the solid products were allowed to air-dry.
Fischer and Kuzel state that, in the preparation of p-hydrazino- 
cinnamic acid, the sodium sulphonate salt of the hydrazino-acid separates 
after the addition of sodium chloride followed by glacial acetic acid. This 
corresponds to the orange solid of the present work. No mention is made by 
Fischer and Kuzel of any solid being formed before this stage. The white 
solids, which were combined, were found to be insoluble in water, but wore 
soluble in 50% hydrochloric acid, and unprecipitated from this solution by the
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addition of excess sodium hydroxide. On heating a portion strongly 
on a spatula, the residue obtained was yellow hot and white cold, 
indicating the presence of a considerable quantity of zinc in the 
original material. The investigation of these white solids was not 
pursued further.
Stage (ii). Attempted Conversion of Sodium Sulphonate Salt of
m-Hydrazinocinnamic Acid to m-Hydrazinocinnamic Acid.
Damp hydrogen chloride gas, prepared by bubbling hydrogen chloride 
through concentrated hydrochloric acid, was passed over the orange solid 
(0,79 g*) spread evenly in a combustion tube. The solid, which had 
dried to a yellow colour, changed to light brown during passage of the 
hydrogen chloride (30 mins.).
The product was dissolved in water (6 ml.), heated, and to the 
solution was added excess sodium acetate. On standing overnight, a 
brown solid was deposited. This was filtered off and air-dried (0.13 g«)« 
On strong cooling of the filtrate, a yellow solid formed, which was 
filtered off and air-dried (0.09 g.).
Attempted Preparation of Benzal Derivatives.
The brown solid (O.O4 g.) was dissolved in the minimum of acetic 
acid (5%) and sodium acetate trihydrate (O.O3 g.) was added, followed by 
benzaldehyde (redistilled; 1 drop). After heating on a steam bath for 
20 minutes, the mixture was allowed to cool. A very small quantity of 
a brown solid was deposited.
The yellow solid (0.09 g.) was treated similarly. On addition of
the benzaldehyde, a brown solid was immediately formed. The mixture was
heated for 20 minutes, and then cooled; the solid was filtered off and
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air-dried; it (O.O6 g.) had indefinite m.p. The bulk of it was dis­
solved in dry chloroform, filtered, and the chloroform was removed by 
evaporation. The residue was then dried at low pressure. Found:
N, 7.87. C-} ^H-| /^QpNprcquiros K, 10.52$^ »
Method III is thus unsatisfactory for the preparation of 
m-hydrazinocinnamic acid.
Method IV.
m-Aminocinnamic acid (7.1 g., 0.044 mole) was treated with warm 
N-hydrochloric acid (187 ml.). The hydrochloride separated at once.
The suspension was stirred, and cooled to 0®. Sodium nitrite (3.0 g., 
0.044 Bole) in water (9 ml.) was added dropwise to the stirred, cooled 
hydrochloride suspension. The mixture, now yellowish in colour, was 
stirred for a further 20 minutes. Stannous chloride dihydrate 
(21.6 g., 0.095 mole) in suspension in hydrochloric acid (d 1.19, 22 ml.) ^
at 0®, was then added in small portions to the stirred mixture, the total 
addition requiring 15 minutes. The reaction-mixture, which foamed, was 
stirred for a further 30 minutes and then filtered. X yellow solid was 
obtained which wasmshed with a little water, and dried in vacuo. 
Investigation of Solid.
With water, a small proportion of the solid readily dissolved to a 
yellow solution leaving a dark residue. The filtered solution deposited 
a brown solid on evaporation.
The solid contained ionic chloride. It was freely soluble in 
dilute alkali, being reprecipitated by hydrochloric acid, and by acetic 
acid.
The solid contained 6.6% w/w of stanlie oxide, by ignition.
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acid, present as an impurity in the m-aminocinnamic acid hydrochloride. 
Investigation of Solid obtained from Method V,
A small quantity of the solid was dissolved in hot water. The 
solution was divided into two, and to one portion was added acetone. A 
precipitate was obtained on cooling. To the other portion was added 
benzaldehyde (redistilled) and enough methanol to form a homogeneous 
solution. After five minutes, a crystalline solid slowly separated.
This was filtered off, washed with a little water, and air-dried. The 
material decomposed when recrystallisation was attempted.
A larger quantity of the benzal derivative was prepared as above; 
the aqueous solution was filtered hot and the calculated quantity of 
benzaldehyde was added. The crystals wore filtered off, dried at 50®/
0.5 mm., and had m.p. 177-8® (decomp.). Found: N, 10.64. Calc, for
(^16^ 14(^2^2" 10.52%.
In view of the formation of this derivative, method V is the most 
successful of the methods investigated for the preparation of m-hydrazino- 
cinnamic acid hydrochloride.
A specimen of m-hydrazinocinnamic acid hydrochloride, prepared as 
described above, was dissolved in the minimum of hot water, the solution 
was filtered hot, and to the warmed filtrate was added excess sodium 
acetate. On standing, a yellow crystalline precipitate was obtained, 
m.p, 196-197® (sinters ca^ 19(f). Hunsberger et al^ (l2ü), in the first 
description of this compound, record m.p, 194-195® (uncorr.).
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Estimation of Phenylhydrazine
Ref: Maclean, (122).
The method uses the fact that phenylhydrazine quantitatively reduces 
Fehling’s solution to cuprous oxide. The latter is oxidised with ferric 
sulphate, and the ferrous iron formed is titrated against standard perman­
ganate.
The phenylhydrazine used was distilled at atmospheric pressure (b.p.
241-242®).
The following solutions were prepared:
Solution I. Copper sulphate pentahydrate ...........  40 g./l.
(Rochelle salt . . . . . . . . . .  200 g./L.)
Solution II. ( )
(Sodium hydroxide  ............. 150 g./L.)
(Ferric sulphate nonahydrate ...........  50 g./L.)
Solution III. ( )
(Sulphuric acid (d I.84)   200 ml,/L.)
Method:
Five ml. of a solution containing phenylhydrazine (redistilled, 
ca. 4 g'g accurately weighed) in 50% acetic acid (lOO ml.) were diluted 
to 100 ml. with waiter, and allowed to stand at room temperature for 30
minutes; 20 ml. of each of I and II (see table above) were added to
10 ml. of the diluted phenylhydrazine solution, and the mixture was allowed 
to stand at room temperature for 30 minutes. The cuprous oxide formed 
was collected on a No. 4 sintered glass crucible, and washed on the filter 
with water till the filtrate was neutral. Twenty ml. of solution III 
were then added, through the filter, the filter was washed, and the 
ferrous iron formed was titrated in the filter-flask with standard
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permanganate.
Results.
The permanganate used was standardised with sodium oxalate, and 
was 0.0877' N.
Phenylhydrazine (redistilled; 4-1615 g.) was treated as described 
above. The cuprous oxide formed reduced a quantity of ferric iron equi­
valent to 7ol4 ml, of permanganate.
A second run, using 3*9089 g. of phenylhydrazine, required:
(a) 6.47 ml., (b) 6.89 ml. of permanganate.
Maclean states that
1.00 ml. O.IOOON KMn04 ^ 0.00295 g. PhmNHp.
By the use of this factor, the phenylhydrazine is calculated to have a 
purity of
(i) 200 X 7.14 X 0.00295 x 0.877 x 100 % = 88.6%
4*162
(ii) 200 X 6.47 x 0.00295 x 0.877 x 100 % = 85*6%
3.909
(iii) 200 X 6.89 x 0.00295 x 0.877 x 100 % = 91*3%
3.909
The method thus gives results repeatable to within about 5%, It 
is suspected that the chief source of error is due to air-oxidation of 
cuprous oxide on the filter. The relation between grams of phenylhydra­
zine and ml. of 0.1000 N permanganate is determined by an experimental 
factor, and the above results indicate that given by Maclean to be low 
for phenylhydrazine. Further, this factor would be expected to vaiy with 
substituted phenylhydrazines and the method cannot therefore be used as 
an absolute estimate of the purity of a particular substituted phenyl­
hydrazine.
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Preparation of 'O-HydrazinobGnzoic Acid Hydrochloride.
The method is that of Veibol and Hauge (119).
p-Aminobenzoic acid (13.7 g., 0.1 molo) was dissolved in water 
(250 ml.) and hydrochloric,, acid (d 1.18; 20 ml,). The solution was stirred 
mechanically, and cooled in an ice-salt bath. a faint precipitate was 
formed, but the bulk of the amino-acid remained in solution. solution 
of sodium nitrite (7.5 g., 0.11 mole) in water (25 ml.) was then added 
dropwise. Ten minutes after completion of the addition a positive starch- 
iodide test was obtained. The diazo-solution, which contained a slight 
precipitate, was then run into a solution of sodium sulphite heptahydrate 
(75 go, 0.3 mole) in water (200 ml.). The resultant clear solution was 
orange in colour. after one hour’s standing, the colour had chahged to 
yellow. Glacial acetic acid (6 ml.) and a little zinc dust were 
added, and the mixture was then heated on a steam bath for one hour. 
Hydrochloric acid (d 1.18; 375 ml.) was then added and the solution was 
chilled with stirring. The solid deposited was filtered off and washod 
with dilute hydrochloric acid; after drying, 17 g. of crude p-hydrazino- 
bonzoic acid hydrochloride were obtained as a micro-crystalline yellow 
solid.
In a previous run, this crude solid was dissolved in hot water, in 
accordance with the Veibol and Hauge method; those authors state that 
250 ml. is sufficient, but 6OO ml. were required. The solution was filtered,
and hydrochloric acid (d 1.18; 4OO ml.) wa,s added to the filtrate. A brown 
precipitate was formed which was filtered off, redissolved in water, treated 
with charcoal in hot solution, filtered hot and rcprecipitated with hydro­
chloric acid. The solid remained brownish and non-crystalline in appearance
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It is apparent that the somewhat prolonged initial heating with water 
decomposed a considerable quantity of the reaction-product. In. the 
second run, described above, this was avoided, and the p-hydrazinobenzoic 
acid hydrochloride was collected in the crude state.
Preparation of Derivatives.
In their paper, Veibel and Hauge state that the substituted phenyl- 
hydrazones prepared by condensation of carbonyl compounds with p-hydrazino- 
benzoic acid have no sharp m. p. when heated slowly, Po attempt was made 
to determine the m.p.s of the derivatives the preparations of which are 
described below.
Preparation of Acetone Derivative,
p-Hydrazinobenzoic acid hydrochloride (0.2 g.) was dissolved in cold 
water, and to the filtered solution was added acetone (6 drops). On 
standing, a crystalline precipitate was slowly deposited. After six 
hours;,, the mixture was ice-cooled. The product, needles, was filtered 
off and air-dried.
Preparation of Benzal Derivative.
p-Hydrazinobenzoic acid hydrochloride (0.2 g.) was dissolved in water 
containing a little methanol, filtered, and to the filtrate was added 
benzaldehyde (redistilled; 5 drops). On standing and cooling, a pale 
yellow precipitate was formed which was filtered off, air-dried, and re- 
crystallised from dilute methanol.
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benzaldehyde (redistilled; 5 drops). On standing and cooling, a pale 
yellow precipitate was farmed which was filtered off, air-dried, and re- 
crystallised from dilute methanol.
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Attempted Synthesis of B-Acrylic Acid Substituted Heterocycles.
Attempted Preparation of l:2:3:4-Tetrahydrocarbazole-7-P-acrylic Acid,
(i)« m-Hydrazinocinnamic acid hydrochloride (3.6 g.) and sodium acetate 
trihydrate (1.9 g.) were heated together under reflux with glacial acetic 
acid (25 ml.). Complete solution did not occur. Oyclohexanone (re­
distilled; 1,6 g.) in glacial acetic acid (10 ml.) was added dropwise down 
the condenser. The heating was continued for 30 minutes after completion 
of the addition, a dark brown solution with a yellow solid being obtained.
The latter was filtered off. To the filtrate was added water, precipi-
o
tating a yellow solid. The first solid had m.p.^ 300 . It appeared 
to be insoluble in benzene, ethyl acetate and ligroin; it dissolved in 
ethanol and in acetic acid, giving yellow solutions. On evaporation, 
the ethanolic solution yielded a non-crystalline residue. The material 
was soluble in water and dilute sodium hydroxide solution, giving yellow 
solutions, and in dilute sulphuric acid, giving a reddish solution, the 
colour of which was not extracted by benzene.
The second solid resembled the first.
(ii). m-Hydrazinocinnamic acid hydrochloride (3.6 g.), sodium acetate 
trihydrate (1.9 g.) and aqueous methanol (50%, 20 ml.) were warmed 
together. Some solution occurred. Tho mixture was filtered warm. The 
residue had m.p. 194°, and was probably m-nitrocinnamic acid, present as 
an impurity. The filtrate was reheated till solution was complete, and 
oyclohexanone (redistilled; 1 ml.) was added. The mixture was warmed
on a steam bath for ten minutes. On cooling, a small quantity of black 
solid was obtained which was filtered off. The yellow filtrate was
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heated for a further 30 minutes under reflux. A portion was poured on 
to ice, yielding a yellow solid which tended to become gummy. The 
remaining filtrate was heated with half its volume of 3N sulphuric acid.
The solution turned dark red and nearly black material was obtained on 
cooling the solution. It was soluble in methanol, forming a dark red 
solution, from which the solid was reprecipitated on the addition of water. 
The solid was easily soluble in dilute aqueous allcali, being reprecipitated 
on addition of acid. The crude product had m.p. ca 73°. A portion was 
dissolved in methanol and passed through a column of charcoal. The 
resultant solution was completely colourless, and yielded a trace of 
white solid on evaporation. The charcoal was shaken with dilute alkali, 
and the mixture was filtered. Addition of acid to the colourless 
filtrate produced no precipitate. It appeared that the dark solid had 
been very strongly adsorbed by the charcoal.
(iii) m-hydrazinocinnamic acid hydrochloride (3*6 g«) was added in
small portions to sodium acetate trihydrate (5.0 g.), cyclohexanone 
(redistilled, 1.6 ml.) and glacial acetic acid (50 ml.), the mxture 
being stirred and heated under reflux. After one hour (addition time)
and a further hour of stirring and heating, the mixture was poured into
a basin and allowed to stand overnight. A yellow solid with a dark 
solution was obtained. The solid contained chloride ion. On being 
heated with dilute sulphuric acid it gave a red solution with some 
black solid. The yellow solid, though darkening slightly, did not 
melt below 300°.
The dark solution above, on being boiled for 10 minutes with dilute 
sulphuric acid, followed by dilution with water, gave a red flocculent
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precipitate. This was filtered, off and dried. The dark red powder 
obtained became gummy on heating; it melted with decomposition at 280®
The red powder gave no COp on treatment with cold saturated aqueous sodium 
bicarbonate solution.
The yellow solid (0.1361 g.) was heated at red heat for 30 minutes. 
The residue obtained weighed 0.0608 g. This residue, nearly 50% of the 
original material, was whitish in colour, and contained sodium and chloride, 
but no carbonate. The original material was thus found to be seriously 
contaminated with sodium chloride, but, since the ash did not contain 
sodium carbonate, it is inferred that the original material did not 
contain the sodium salt of an organic acid. The dark red solid (0.14 g«) 
obtained from the filtrate from the yellow solid by treatment with dilute 
sulphuric acid was treated with chloroform (10 ml.) and the mixture was 
filtered. The filtrate was then passed down an alumina column, height 
about 35 cm. The first fraction from the bottom of the column, yellow 
in colour, became brown on standing and on evaporation gave a small 
quantity of a resinous solid. The eluting chloroform was then diluted 
with methanol to an increasing degree until 100% methanol was being used.
No further removal occurred. Ethanol was then used without effect.
The ethanol was followed by glacial acetic acid. This eluted the brown 
band at the top of the column as a brown solution which, after removal 
of solvent, yielded white inorganic material due to solution of alumina 
by the acetic acid, together with a little organic residue.
Préparatjon of Acetophenone Derivative, of m-Hydrazinocimiamic Acid.
m-Hydrazinocinnamic acid hydrochloride (1.10 g.) was dissolved in 
warm aqueous ethanol. The warm solution was filtered, the filtrate was
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rowarmed and acetophenone (redistilled, b.p. 202-2040; 0.5 g.) was added
dropwise, A crystalline precipitate separated overnight. Yield 1.2 g,, 
m.p. 147-148°.
Attempted Preparation of 2-Phenvlindole-6-3-acrylic Acid,
The material above (l.l g.) and anhydrous zinc chloride (5 go) wore 
thoroughly mixed, and heated in an oil bath at 180-200° with stirring.
The mixture became black. After 5 minutes the beaker containing the 
mixture was removed from the oil bath, and into the mixture, while cooling, 
was stirred sand (ca. 4 g*). The cold solid mixture was treated with 
water (l6 ml.) and hydrochloric acid (d 1,18; 0.5 ml.) on a steam bath, 
allowed to cool, and filtered, leaving a residue of sand and black material 
which was treated with ethanol (96%; 12 ml.) and charcoal on a steam bath, 
and filtered hot. A black filtrate was obtained which on cooling gave 
no precipitate; water was added, producing a dark olive green flocculent 
precipitate which was filtered off and dried, yielding a dark green 
powder. This material sintered above 220°, with slow decomposition 
above 256°.
Preparation of Quinaldine-5-P-acrylic Acid.
m-Aminocinnamic acid hydrochloride (8.0 g. ), paraldehyde (6.0 g-„ ) 
and hydrochloric .acid (d 1.18; 40 g») were heated together under reflux 
on a steam bath. After ton minutes the reaction-mixture had become very 
dark in colour. The temperature was then raised to 150° (oil bath).
After 45 minutes at this temperature, the reaction-mixture was poured into 
water (200 ml..). A red solution containing a dark solid was obtained; 
the latter was filtered off and dried (4.1 g.). The filtrate was 
evaporated to one fifth its volume, cooled in ice, and filtered. The
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residue, a sandy-brown powder, weighed 1,4 g. The filtrate from this 
last was again evaporated, to small bulk, then filtered. A broimish 
residue was again obtained. To the filtrate was added sodium acetate 
trihydrate, which would be expected to liberate free quinaldine-5-B- 
acrylic acid from any hydrochloride of this compound present. The 
solution was filtered warm from a small quantity of gum, and allowed to 
cool; the solid deposited was filtered off, and on recrystallisation 
from ethanol had m.p. 248-251° (docomp.). Yield 0.2 g. Ackhardt (123) 
records m.p. 246° (decomp.) for the quinaldine-5-5-acrylic acid, and a 
yield of crude hydrochloride of 60%,
In a second run, the heating time at 150° was increased to 2 hours. 
This reduced the yield of quinaldine-5-P-acrylic acid to less than 0.1 g.
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AttenpteOreparation of Poly-4-vinylquinoline, and of a 4-vlnylqulnoline- 
styrene Copolymer.
1. P-(4-quinolyl)-acrylic acid.
The starting-material for the attempted preparation of 4-vinylquino- 
line was lepidine. This was converted into p-(4.~quinolyl)-acrylic acid 
according to the method of Clemo and Hoggarth (124),
(a). Preparation of YYY-trichloro~3-hydroxy-a-(4-giiinolyl)-propane. 
Lepidine (freshly distilled; 8.8 g.), pyridine (dry, redistilled;
22 ml.) and chloral (obtained immediately before use by distillation of 
chloral hydrate from concentrated sulphuric acid; 9.9 g.) were warmed 
together under reflux at 85-90° on a steam bath for 2 hours. The resultant 
brown liquid was poured into water (llO ml.) with vigorous stirring. The 
oil formed solidified on gentle scratching. The solid was filtered off, 
washed with 700 ml. of cold water, and dried on a steam bath. The solid 
was rocrystallised from ethanol, it (8.0 g.) had m.p. 176-177°. The 
filtrate from this recrystallisation was diluted with water, yielding a 
further 1.1 g., m.p. 175-177°. The two were combined for the next stage.
(b). Preparation of g-(4-ouinolyl)-acrylic acid.
Powdered potassium hydroxide stick (9,1 g*) was dissolved in ethanol 
(99%; 42 ml.) on a steam bath and YTY-trichloro-p-hydroxy-a-(4-quinolyl)- 
propane (9,1 g. ) was cautiously added during two hours, the whole being 
effectively stirred and maintained under reflux. After a further hour’s 
heating, the separated potassium chloride was collected and well washed 
with ethanol (99%). The combined filtrates were diluted with an equal 
volume of water, and the alcohol removed under reduced pressure, warming
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being necessary towards the end. The dark solution was then decolorised 
with charcoal, and the 5-(4~quinolyl)-acrylic acid was precipitated with 
acetic acid (50%, 40 ml.), coagulated by boiling, collected, and washed 
with water. This product was then dissolved in sodium carbonate 
solution (lO%) and the solution boiled with charcoal. After filtration, 
the acid was again precipitated with 50% acetic acid, filtered off, and 
air-dried. Yield, 5.2 g. (43% overall from lepidine), m.p. 266° (decomp.) 
The product (4.1 g.) was recrystallised from acetic acid (glacial); yield
2.6 g., m.p. 269° (decomp.). (Clemo and Hoggarth obtained an overall 
yield of 65% of material m.p. 268-269°; on recrystallisation it had 
m.p. 270® with slight decomposition.)
2. Attempted decarboxylation of fi-(4-ouinolyl)-acrylic acid.
(a). With copper powder.
The acid was dried at 110°, then intimately mixed with 7% by weight 
of copper powder. The mixture was heated at first gently, then strongly 
in a bunsen flame.
In each of several runs, using 1 to 6 grams of acid, a small quantity 
of dark brown distillate was obtained, with a residue of dark solid.
White fumes and a little white sublimate were produced before the distil­
late began to come over.
In one case the distillate was redistilled (b.p, 240°), dried over 
caustic potash, and again redistilled. Found: N, 7.96. C^pHgN requires
N, 9.03%.
The distillate (b.p. 238-240®, obtained from 6 g. of P-(4-quinolyl)- 
acr^ rlic acid), after standing 12 hours over caustic potash, contained some 
solid. To the mixture was added dry carbon tetrachloride, and the
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mixture was filtered. The filtrate was distilled; after removal of 
the carbon tetrachloride, the subsequent distillate deposited a small 
quantity of white crystals. These were filtered off. The whole of 
the filtrate (0.35 g. ) was diluted with ethanol (lO ml.), heated to 
boiling, and to the solution was added picric acid (0.5 g.) in the same 
solvent (15 ml.), A yellow crystalline precipitate was immediately 
formed, having m.p. 207-209°. It was recrystallised from dioxan, with 
hot filtration of the solution, and then had m.p. 210°. Founds N, 14.71%. 
Cl 1 HqH. requires N, 14.5.8%.
(b). With soda-lime.
(4-Quinolyl)-acrylic acid (2 g., dried at 110®) was intimately 
mixed with soda-lime (6 g., dried at 110®). The mixture was heated in 
a small round-bottomed flask with a wide side-arm. White fumes and 
water were first evolved, followed by a little brown liquid. The water 
was removed from the distillate, and the remainder dried with caustic 
potash, and redistilled. The distillate rapidly became converted into 
a brown gummy solid.
(c). By boiling in alkaline solution,
P-(4-Quinolyl)-acrylic acid (4 g.) and quinol (0.2 g.) were boiled 
together under reflux in 10% sodium carbonate solution (50 ifil.) for four 
hours. The dark brown homogeneous liquid formed was allowed to cool 
and was extracted with ether. The dried ether--extract, after removal of 
the ether, yielded no residue.
(d). By heating alone.
p-.(4-Quinolyl)-acrylic acid (6 g.) and quinol (0.3 g.) were heated 
together, in a Claisen flask fitted • for vacuum distillation, directly by
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a bunsen burner for ten minutes, during which time the mixture melted 
and evolved some smoke. The flask was allowed to cool somewhat, and 
then heated in a liquid silicone bath at 300-3100, at 0.6 mm, pressure.
A small quantity of a red liquid distilled, but this was retained in the 
condenser; a little white sublimate was obtained in the receiver.
Ths decarboxylation temperature of the acid was investigated by heating 
the acid in an aluminium tube which was connected to a glass U-tube of 
7 mm. bore, at the bottom of which was a little mercury. Wien gas was 
evolved it could be perceived, since it had to push past the plug of 
mercury. The aluminium tube was heated in a silicone bath. At 300°, 
bath temperature, the acid began to melt, and a large volume of gas was 
rapidly evolved. This gas, on testing with lime-water, was found to be 
carbon dioxide. Negligible distillate was obtained from the reaction.
The residue in the aluminium tube was a brown solid.
A yield of ca. 30%, w/w, of a brown distillate was obtained by 
heating this solid in a bath at over 400°. The distillate was diluted 
with cyclohexane (redistilled), and tho solution dried with anhydrous 
potassium carbonate. The cyclohexa.no was then removed at reduced 
pressure, and the residue distilled; it had b.p. 144-146°/30 mm. The 
liquid so obtained was almost colourless.
  Properties of residue from decarboxylation of 3-(4.-qulnolyl)- i
I
acrylic acid. j
The residue from decarboxylation was freely soj.uble in dilute 
mineral acid, acetone, ethanol, methanol, and 2-othcc:;yethanol. It was 
insoluble in water, dilute aqueous alkali and toluene, A faintly acid 
(HCl) solution of the material gave flocculent brown precipitates with
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solutions of the following: ammonium molybdate, potassium hydrogen
tartrate, potassium dichromate and sulphosalicÿlic acid. (These are 
protein-precipitating reagents.)
The residue was purified by dissolvirg it in 3N sulphuric acid.
This solution was filtered from insoluble impurities and the material 
precipitated by pouring the solution into excess 2N caustic soda. The 
precipitate was genera].ly flocculent, though sometimes a gum was formed. 
On the assumption that decarboxylation and polymerisation, only, have 
taken place during heating of the acid, a yield of 72% of precipitated 
material was obtained from the acid,
A specimen of the flocculent,precipitate had an intrinsic viscosity 
at 25® of 0.028 in O.48N hydrochloric acid, and of O.O4I in 2-ethoxy- 
ethanol; these values indicate that the material was probably a low 
molecular-weight polymer.
On warming, the polymer could be drawn into short fibres of little 
mechanical strength.
Estimate of Equivalent of Polymer.
An accurately weighed specimen of the polymer was dissolved in 
excess standard 0.5N hydrochloric acid and back-titrated with standard 
O.IN caustic soda until a trace of permanent precipitate was obtained. 
Results.
Weight of polymer taken: 0.0927 g.
This was dissolved in 3.O4 ml. of 0.502 N HCl, and back-titrated with
0.1013 N NaOH until a very faint permanent precipitate appeared, 9.77 ml. 
being required.
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The equivalent (E) of the polymer is then given ty
E = .0927 X 1000
I3.O4 - ^ 1 3  X 9.77) % U.5U2
= 174
From the results, the equivalent of the polymer is approximately 
170, (GqqHgRÏn requires equiv. 155- Found, for polymer: N>7.99% ♦
(CiiHqN)^  ^requires N, 9.03%*
4. Attempted polymerisation and copolymerisation of distillates.
A portion of the distillate containing 7.96%N (see p. 86) was 
maintained at 100° for five hours with a trace of benzoyl peroxide. The 
liquid darkened, but no appreciable increase in viscosity occurred.
The whole of the distillate obtained from the attempted depolymerisa­
tion described on page 88 was treated similarly, with similar results.
To the brown liquid obtained was added three times its weight of styrene 
(alkali- and water-washed, dry, redistilled), and 2g% (of the weight of 
the reaction-mixture) of benzoyl peroxide. The mixture was maintained 
under nitrogen at 80° for 60 hours. At the end of this time, a sticky 
solid was obtained. This was dissolved in hot benzene, and the solution 
was poured into a large excess of methanol, yielding a white solid. The 
washed, dried, solid was completely insoluble in dilute mineral acid, 
and contained no nitrogen. The distillate did not therefore copolymerise 
with styrene, but merely acted as an inert solvent in which the styrene 
polymerised.
5. Summary.
From the above experiments, it is found that P-(4-quinolyl)-acrylic 
acid decarboxylates at its melting point, but, it is inferred, the
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Attempted Preparation of Derivatives of aP-Unsaturated Aliphatic 
Aldehydes and Ketones.
1. Attempted Preparation of Methylvinyl Ketone Azine.
(a). Aqueous methylvinyl ketone (stated to be the azeotrope containing 
85% ketone; redistilled, b.p. 65-80°; 3,06 g.) was diluted with methanol 
(2 vols.). Quinol (0.08 g.) was added. Hydrazine hydrate (100%; 0.73 g») 
was then added dropwise, with stirring and ice-cooling (20 mins.). The 
reaction-mixture was poured into water (30 ml.). The resulting homo­
geneous liquid was extracted with ether (3 % 10 ml.) and the combined 
ether extracts washed with water (3 % 10 ml.), and dried over anhydrous 
sodium sulphate. After being filtered, the ether was evaporated under 
reduced pressure at room temperature. A little gum remained.
A portion of the aqueous extract was treated with 75% sulphuric 
acid, and one crystal of potassium bichromate. An olive-green solution 
was obtained, with strong effervescence.
(This test is one for pyrazolines (125)5 a red to blue coloration 
being developed with a pyrazoline in presence of sulphuric acid and 
bichromate.) The above result indicates the absence of pyrazolines in 
the aqueous extract.
(b). The procedure was as above, except that the fraction b.p. 74-78° 
of aqueous methylvinyl ketone was used, and the reaction-mixture was 
maintained at 40° for 20 minutes.
As before, a little gum was obtained on removing the ether from 
the washed, dried ether extract.
The test for pyrazoline, made on the aqueous extract, was again
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negative.
2.._ Attempted Preparation of Methacrylic Aldehyde Azine.
Methacrylic aldehyde (redistilled, b.p. 65-85°; 4.2 g., 0,060 mole) 
was diluted with methanol (2 vols.). Hydrazine hydrate (100%; 1.0 g., 
0.020 mole) was added dropwise, with stirring and ice-cooling. The 
mixture was then maintained at 40° for 20 minutes, and poured into water 
(30 ml.). A white emulsion was formed, and a small quantity of a brown 
oil. The latter on standing gave a gum which was soluble in methanol, 
but could not be crystallised.
The aqueous extract gave a negative test for pyrazolines.
3. Attempted Preparation of Methacrylic Acid Hydrazide.
Hydrazine hydrate (2.0 g., O.O4O mole) was added dropwise to methyl 
methacrylate (2.24 0.020 mole) diluted with methanol (2 vols.); the
reaction-mixture was heated gently under a reflux on a steam bath (30 
mins,), and then poured into water (30 ml.). A clear solution was 
obtained, which deposited a faint white precipitate overnight^ This was 
filtered off, and the filtrate ether-extracted as in the other preparations 
described above. The ether extract yielded a small quantity of broimish- 
white solid, which became gummy at 51°, finally melting completely at
159°.
The aqueous extract gave a negative test for pyrazolines.
4. Attempted Preparation of Acrolein Azine.
Acrolein (redistilled, b.p. 51-55°; 3*36 g., 0.060 mole) was 
diluted with methanol (2 vols.) and quinol (2% by wt. of aldehyde) was 
added. Hydrazine hydrate (I.O g., 0.020 mole) was added slowly irdth 
stirring and ice- cooling. The mixture was then maintained at 40° for
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20 minutes, and poured into water (30 ml.)» A clear yellow solution 
was obtained. This was ether-extracted as before, the extract yielded 
a small quantity of a gum.
The aqueous extract gave a negative test for pyrazolines.
5. Attempted Preparation of Methylvinyl Ketone Hydrazone.
Aqueous methylvinyl ketone (redistilled, b.p. 74-781.65 g.) was 
diluted with methanol (5 vols.) and quinol (2% by wt. of ketone) added.
The solution was added dropwise to hydrazine hydrate (2.5 g») with 
stirring and ice-cooling. The mixture was stirred for a further 30 
minutes (total time, 80 mins.), then poured into water (40 ml.). A 
colourless solution was obtained which was extracted with ether (3 x 10 ml.) 
The extract yielded a small quantity of a brown gum.
The aqueous extract gave a negative test for pyrazolines,
6. Attempted Preparation of Acrolein Hydrazone.
Acrolein (redistilled, b.p. 51-55°; 1.12 g., 0.020 mole) was 
treated as for the methylvinyl ketone used in attempted preparation 5*
The residue from evaporation of the ether extract was a small quantity of 
0, white solid; it had m.p. 166-167°.
The aqueous extract gave a negative test for pyrazolines.
7. Attempted Preparation of Methacrolein Hydrazone.
Mothacrolein (redistilled, b.p. 65-72°; 1,4 g*; 0.020 mole) was 
treated as was the acrolein used in attempted preparation 6. The other 
extract, on evaporation, gave a little gum.
The aqueous extract gave a .negative test for pyrazolines. On 
acidification with dilute sulphuric acid as required by the test for 
pyrazolines, a white solid was precipitated. It had m.p. 255-256° feccmp).
Hydrazine sulphate has m.p, 254° (decomp.). The solid was tested for, 
and found to contain, ionic sulphate. These results indicate that 
the bulk of the hydrazine did not react with the aldehyde.
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Preparation of m-Hydrazinostyrene
1. Preparation of m-Nitroacetophenone.
A lo5 Lo Pyrex conical flask was used. Acetophenone (redistilled; 
48 g«) was dissolved in sulphuric acid (d 1.84; 260 g.) and cooled to 
-10° by immersion in ice-salt. Nitric acid (d 1,42; 58 g.) in sulphuric 
acid (d 1.84; 180 g.) also below 0°, was added slowly, with vigorous 
manual shaking, the temperature being maintained below -5°. The reaction- 
mixture was allowed to remain in the freezing-mixture, and shaken at 
intervals, for a further 20 minutes. It was then poured on to crushed 
ice in a 2 L. beaker, m-Nitroacetophenone separated as a cream solid. 
After filtration and drying, the crude product (64 g») was dissolved in 
glacial acetic acid (250 ml.) at about 40°. The solution was decolorised 
with charcoal and filtered, and to the filtrate was added water until 
precipitation commenced. The mixture was then warmed until solution was 
complete. Water was again added, and heating gave a clear saturated 
solution in aqueous acetic acid at about 50°. On cooling, cream crystals 
of m-nitroacetophenone separated, A further crop was obtained jkom the 
filtrate, by further dilution with water. Total yield 47.0 g, (72^ )- 
m,p. 77-78°.
2. Preparation of g-Methyl-m-nitrobenzyl Alcohol.
Aluminium strip (6.25 g.), isopropanol (dried with anhydrous 
potassium carbonate; 256 ml.) and AnalaR mercuric chloride (2 g.) were 
boiled together under reflux (a CaClg tube being fitted to the condenser) 
until solution of the alumi.nium was complete. m-Nitroacetophenone 
(dried in vacuo? 75 g.) was then added. The mixture was boiled for ten
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minuT,es after solution of the ketone was complete. The acetone 
formed, and excess isopropanol, were distilled off, finally at the pump. 
The cooled residue was poured with stirring into ice-cold 3N-sulphuric 
acid (700 ml.) and the solid product was filtered off. The filtrate 
was retained. The residue was washed with water, and dried in air; it 
(71 g.) was then recrystallised from benzene and light petroleum (b.p. 
60-80°); the product (43.7 g.) had m.p. 62°. The filtrate from this 
last on evaporation yielded a second crop (10.9 g.), m.p. 59-61°. A third 
crop (3.9 g.j m.p. 61°) was obtained by addition of light petroleum to 
the filtrate. The original filtrate from the crude product was extracted 
with benzene, the benzene extract was dried, and allowed to evaporate, 
yielding a further 2.0 g., m.p. 61°, of a-methyl-m-nitrobenzyl alcohol. 
Hence total yield, m.p. ^  59°, is 60.5 g. (81^ ).
3. Preparations of m-Nitrostyrene.
I
(i)(a). a-Methyl-m-nitrebenzyl alcohol (6.26 g.), acetic anhydride
(25 ml.) and sulphuric acid (d 1.84; 15 drops) were heated together under
reflux for 10 minutes. The dark liquid obtained was poured into cold
water (500 ml.), yielding a dark brown oil. The oil was extracted with
ether. The ether-extract, after twice washing with water, was dried
with anhydrous potassium carbonate, the ether XTas removed, and the
residue distilled, yielding a yellow liquid (5.2 g.), b.p. 176-l80°/l6 mm., 
22
1.5308.
(b). The run was repeated using 5.0 g. of a-methyl-m-nitrobenzyl 
alcohol. The product (3.5 g.) distilled at 108-122°/l.7 mm. On
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redistillation a-methyl-m-nitrobenzyl acetate, a yellow liquid, b.p,
25
112.5-114-»5°/0,8 mm., 1.5260 was obtained (Found: G, 58.11;
h,5.39; N, 6.95. C^gH^iNO^ requires 0, 57.40; H, 5.30; N, 6.70^.).
(j-i). a-Methyl-m-nitrobenzyl alcohol (5.0 g.), acetic anhydride (25 ml.) 
and sulphuric acid (d 1.84, 0.5 ml.) were heated together under reflux 
for 10 minutes. The acetic anhydride was then distilled off, and the 
residue distilled at reduced pressure, A very small quantity of distillate 
(b.p. 126-128°/2.5 mm.) was obtained. The residue was dark and gummy.
II.
a-Methyl-m-nitrobenzyl alcohol (lO g.), glacial acetic acid (crys­
tallised; 50 ml.) and sulphuric acid (d 1.84; 1 ml.) were heated together 
under reflux for one hour. The liquid obtained was then poured into 
water (200 ml.) yielding an oil, which was extracted with berzene. The 
benzene extract, after being washed with dilute sodium hydroxide then 
with water, was dried with anhydrous potassium carbonate, the benzene was 
removed, and the residue distilled. It (8,12 g.) had b.p. 124-154°/2.4 mm., 
n§2 1,5390.
III. Method adapted from Brooks ( 43), who used it for the dehydration 
of various mono-substituted halogeno-a-methylbenzyl alcohols»
(i). a-Methyl-m-nitrobenzyl alcohol (lO g.), potassium bisulphate 
(freshly dried by fusion; 0.1 g.) and quinol (O.l g.) were warmed together 
until the alcohol melted. The reaction-mixture was then distilled at
93 mm., the pressure being slowly reduced. Two fractions, b.p, 148-158°/
19 mm., and b.p. I6O—l64°/l9 mm, were obtained. Each fraction consisted 
of a few drops only.
(ii). a-Methyl-m-nitrobenzyl alcohol (10 g.), potassium bisulphate
(freshly fused; 1 g.) and quinol (Od g,) were warmed as before, the 
mixture then by. :ng distilled at 0.5 mm. A distillate, b.p. 130-160°, 
was obtained, which crystallised in the condenser. The distillate 
was washed out of the condenser with benzene. On allowing the solution 
obtained to evaporate, crystals were deposited, having m.p. 53-60° and 
mixed m.p, with a-methyl-m-nitrobenzyl alcohol, 61°.
IV»
(i). a-Methyl-m-nitrobenzyl alcohol (l.O g.) was heated in a water-bath 
to 65°; and 20% oleum (4 drops) was added. The mixture was poured onto 
ice. A brown solid was obtained. This was dissolved in benzene, and 
the solvent was allowed to evaporate. Soft crystals, having m.p. 50-52°, 
and mixed m.p. 53-55° with a-methyl-a-nitrobenzyl alcohol were obtained.
(ii). a-Methyl-m-nitrobenzyl alcohol (l.O g.) was added to 20^ oleum 
(2 ml.) at 65°. The mixture rapidly turned black, and on pouring it 
into water a gummy, charred product was obtained.
It.
a-Me thyl-m-ni trobenzyl alcohol (5.0 g»), benzene (distilled from
phosphorus pentoxide; 50 ml.) and phosphorus pentoxide (4,7 g.) were
heated together under reflux (a CaCl2 tube being fitted to the condenser)
for two hours. The dark mixture was then cooled, poured into vmiter,
and separated. The benzene layer was then washed with water, dried with
anhydrous potassium carbonate, a little quinol was added, and the benzene
was distilled off. The residue was then distilled, yielding two
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fractions: the first (0.84 g») bad b.p. 78-80°/0.8 mm., 1.5721,
and decolorised bromine in carbon tetrachloride in the cold; the second 
fraction (little) of b.p. 87-90°/0.8 mm. a]so decolorised bromine in
100
carbon tetrachloride, but deposited crystals on standing.
VI.
a-Methyl-m-nitrobenzyl alcohol (5.0 g.) and iodine (O.IO g.) were 
warmed together in a 25 ml, Claisen flask until the alcohol was liquid, 
an air-leak was fitted and the mixture was distilled at 11 mm. Distilla­
tion commenced at a bath temperature of 205°. The dark distillate, 
b.p. 1o4-16S°/11 mm., was poured into aqueous sodium carbonate. A solid 
was formed which was filtered off and washed with water. It (3.0 g.) 
had m.p. 55-57°. Crystallisation from benzene gave a product having 
m.p. 59-60°, mixed m.p. 59-60° with a-methyl-m-nitrobenzyl alcohol,
VII. Using Syrujy Phosphoric Acid.
(All phosphoric acid was AnalaR phosphoric acid, d 1.74°)
(i)(a). a-Methyl-m-nitrobenzyl alcohol (3.0 g.) and phosphoric acid
(5.0 ml.) were heated together at a pressure of 25mm. The bath tenperature
was raised to 150° over a period of 45 minutes. The reaction-mixture
became cloudy at a bath temperature of 100°. Two drops of distillate
were obtained. On raising the temperature to 210°, and decreasing the
pressure to 1 mm., no further distillate was obtained. The distillate 
23
had np 1.5822.
The residue appeared polymeric; on pouring it into water a brown 
flocculont solid was obtained.
(b). a-Methyl-m-nitrobenzyl alcohol (3.0 g.) and phosphoric acid 
(5.0 ml.) were heated together to 150°, cooled, and distilled at 2 ram.
No distillate was obtained. At a bath temperature of 150° the distilla­
tion was stopped and the residue, after cooling, was poured into water.
A creamy gum was obtained.
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Xü).,!,?-.),» ct-Heth /^l-m-nitrobenzyl alcohol (.3.0 g,) and phosphoric acid 
(12 ml.) were stirred together in a boiling-tube heated in an oil-bath, 
the temperature of which was raised to 100° and maintained thereat for 
5 minutes» The reaction-mixturp was poured into water and extracted 
with benzene. The benzene extract was washed with water, dried (E^GOo) 
and the benzene was distilled off, distillation of the residue gave two 
fractions, both in small yield, (i) b.p. 98-100°/0.7 mm., (ii) b.p. 
118-136/0.7 mm.
(i) Decolorised bromine in carbon tetrachloride, and had n ^  1.5820.
(ii) Crystallised overnight, the crystals having m.p. 50-52°.
(b). a-Methyl-m-nitrobenzyl alcohol (5.0 g.) and phosphoric acid
(40 ml.) wore heated together in a 100 ml. conical flask, with mechanical 
stirring, to a bath temperature of 90°, this temperature being maintained 
for 20 minutes. The reaction-mixture was poured into water (500 ml,), 
yielding a yellow oil, which was benzene extracted; the extract was 
washed with water, dried (K2G0^), and the benzene distilled. Quinol 
(0.05 g.) had been added before removal of the benzene. The residue was 
then distilled. The first fraction (1.5 g.) had b.p. 68°/0.5 mm.,
25
Dp 1.5816, and decolorised bromine in carbon tetrachloride. The second 
fraction ( c  0.1 g. ) had b.p, 68-88°/0.5 mm. A polymeric residue was 
obtained in the distillation flask.
A series of experiments was then carried out, with conditions 
exactly as in VII (ii) (b), the variables beings
(a) time of heating,
(b) maximum oil-bath temperature attained,
(c) time for which maximum temperature was maintained.
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Each run was carried out with 5.00 g, of a-methyl-m-nitrobenzyl alcohol, 
m.p, 62°, For details see table on p. 103 (overleaf).
Preparation of m-Hitrostyrene by decarboxylation of m-Nitrocinnamic Acid,
Quinoline (lOO g.) was first purified by adding to it a 30^ excess 
of 2-N hydrochloric acid and passing steam through the mixture for 40 
minutes; this removed non-basic, steam-volatile impurities. The 
residue was made alkaline, extracted, and the extract was dried with 
potassium carbonate and distilled.
Dry m-nitrocinnamic acid (30 g.), copper powder (2 g.) and quinoline 
(purified as above; 60 ml.) were heated together, with a Bunsen burner, 
to 185-195°; in a 2-necked flask equipped with a thermometer and an air- 
condenser. Carbon dioxide was evolved, but not smoothly, the reaction- 
mixture bumping somewhat. After 2 hrs. 45 min. at 185-195°; the reaction- 
mixture was cooled and poured into a mixture of hydrochloric acid (d 1.18; 
75 ml.) and ice 0.75 g,). The m-nitrostyrene was isolated by steam dis­
tillation and extracted with chloroform (3 x 50 ml.), the combined extracts 
being dried over anhydrous sodium sulphate. The filtered chloroform 
extract was then allowed to fall dropwise into a Claisen flask heated on 
a steam bath and, after distillation of the chloroform, the residue was 
distilled at low pressure to yield m-nitrostyrene (3.6 g., 15%)? b.p. 
76-78°/0,25 mm., n ^  1.5831. Org. Synth. (126) record n ^  1.5836.
In a second run, the yield was 3*4 g. (14/0.
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Table of Experiments to Determine Optimum Conditions for 
Dehydration of a-Me thyl-m-ni trobenzyl Alcohol by Phosphoric Acid.
Run 1 2 3 4 5
H^PO^ in ml. 4-0 ml. 40 ml. 40 ml. 40 ml. 40 ml.
Max. o.b. temp. 120° 105° 115° 125° 135°
Time of heating 
(room temp, to max.)
25 mins. 23 mins. mins. 12 mins. 17 mins.
Time retained 
maximum
at 5 mins. 60 secs. 60 secs. 60 secs. 60 secs.
Fractions
b.p. 68-70°/
0.5 mm.
74-76°/
0.8 mm.
71-72°/ 
0.6 mra.
81°/
1.2 mm.
81°/
1,2 mm.
1 yield lo4 S• 1.37 g. 1.75 g. 1.68 g. 1.13 g.
4 1.5816 1.5814 1.5813 1.5817 1.5820
b.p. — 76-86°/
0,8 mm.
74-76°/
0.7 mm.
82-84°/
1.2 mm.
82°/
1,2 mm.
2 yield — 0.43 g. 0.29 g. 0.31 g. 0.61 g.
np — 1.5803 1.5810 1.5821
Yield of m- 
nitrostyrene 1.4 g. 1.37 g. 1.75 g. 1.99 g. 1,74 g.
% yield 31^ : 31;^ 39)6 45^ 39^
In run 2, fraction 2 deposited crystals on standing, which had m.p. 168- 
170°. Quinol has m.p. 170°. In view of the deposition of these crystals, 
and the wide boiling-range of the fraction, the refractive index was not 
determined.
In runs 2 and 3, a third fraction was collected, but the boiling-range was
very wide in each case, and considerably above the b.p. of m-nitrestyrene,
25
The yields of m-ni tro styrene were calculated on material of n^ ^ 1.5810.
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4•fiaductions of m-KLtro- to m-Aminostyrene.
Ii.
m-Nitrostyi-ene (6.95 g.), hydrazine hydrate (5.8 g.) and ethanol 
(96%; 70 ml.) were heated together for 1 hour at 70°, Raney nickel (from 
B.D.H. pellets, ca. 0.5 g.) being added as soon as the reaction mixture 
reacheu 30°, The reaction mixture was then boiled for ten minutes, a 
little more catalyst having been added to decompose excess hydrazine 
hydrate, and filtered hot. The ethanol was then distilled off, and the 
residue treated as follows: to this material (6.26 g.), in a measuring
cylinder, was added a little 1.5-N hydrochloric acid , and the whole was 
shaken. The volume of the organic layer fell from 6.0 ml. to 3.0 ml., 
indicating that considerable reduction had taken place. The whole was 
then placed in a separating funnel together with 20 ml. of benzene. The 
organic layer was then successively extracted with 30 ml., 15 ml., 15 ml. of
1.5"*K hydrochloric acid, and finally thrice washed with 5 ml. portions of 
water, sodium chloride being added when required to prevent émulsification. 
The washings were then added to the acid extract and the benzene layer 
was discarded. The acid extract was made alkaline to phenolphthalein 
with 3^N caustic soda, and extracted with 15 ml., 10 ml., 10 ml. of 
benzene. The benzene extract was washed thrice with brine, dried with 
anhydrous potassium carbonate, then filtered into a weighed flask and 
the benzene distilled off. The residue (2.6 g.) was distilled at 
reduced pressure, a little quinol having been added before commencement 
of the distillation; the product had b.p. 68-72°/0.8 ram. A polymeric 
residue remained in the distillation flask. The distillate was a yellow
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viscous liquid (0.67 g., yield 12%). Found:
(a). C, 79.25; H, 7.70; N, 11.86 = 98.81% total
(b). G, 77.67; H, 7.66; N, 11.19 = 96.52% total
GgHgN requires: 0, 80.61;, H, 7.61; N, 11.75%.
These analyses, performed on successive days by Bernhardt of Mulheim, 
are considered to imply the occurrence of atmospheric oxidation. This 
view is borne out by the fact that the second analysis is less accurate 
than the first, and that, according to Bernhardt, the compound darkened 
considerably after it had been opened for the first analysis,
II,
m-Nitro^rrene (5.00 g.), hydrated stannous chloride (30 g. ), con­
centrated hydrochloric acid (30 ml,), and ethanol (96%, 15 ml.) were 
heated together under reflux for four hours and then cooled. During 
the heating, the solid material present dissolved after two hours, and 
a clear solution was obtained. No solid was obtained on cooling the 
reaction mixture. To a small portion, water was added. The solution 
remained clear, indicating the absence of m-nitrostyrene. On making 
this test-portion alkaline with sodium hydroxide, the stannic hydroxide 
first precipitated redissolved, yielding a clear aqueous layer, together 
with a yellow oil and a gummy yellow solid. The whole of the reaction- 
mixture was then treated in this manner, and extracted with benzene; 
the extract was washed once with water, dried (K2CO3), the benzene was 
distilled off after the addition of a little quinol, and the residue was 
distilled under oxygen-free nitrogen.
There was obtained:
Fraction Is b.p. 79—81°/l.l mm., 0.37 g*, 1.5768.
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Fraction 2: b.p. 82-84°/l.l mm., 0.18 g., 1.5683.
Fraction 3: b.p. 840/I.I mm., 0.68 g., 1.5600.
Total yield, b.p. 79-84°/l.l mm., 1î23 g. (31%),
The product gave a positive carbylamine reaction and a brown colora­
tion on treatment with hydrogen peroxide and ferrous sulphate. On 
diazotising the product and pouring the diazonium solution into p-naphthol 
dissolved in caustic soda, an orange dye was produced.
The reduction of m-nitrostyrene (5.22 g.) was repeated, the reduction­
time being reduced to 75 minutes. The reaction product (a clear liquid) 
was poured into sodium hydroxide (44g*) in water (120 ml.), liberating 
a brown oil. The whole was steam-distilled. The colourless oil 
obtained was extracted with benzene and the extract was treated as in the 
first run with the omission of the water-wash. The yield of m-amino- 
styrene, b.p. 78-88°/l.6 mm. was 1.54 g* (37%). A little of the product, 
on being maintained at 180° with a trace of benzoyl peroxide for 16 hours, 
yielded a hard dark brittle resin.
In a third run, in which 7.65 g. of m-nitrostyrene were reduced, 
the reaction mixture was heated under reflux for 15 minutes, at the end 
of which time a sample of the homogeneous liquid so obtained gave no 
milkiness on five-fold dilution with water. The whole was poured into 
sodium hydroxide (75 g.) in water (250 ml.). The mixture was steam- 
distilled and the distillate extracted with benzene as before. The 
final product, on distillation under oxygen-free nitrogen, gave only 
one fraction, b.p. 68°/0.B mm. (2.93 g., 48%).
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5^ — m e a pted_^eparations of m-H.ydrazinostvrene using Sulphite Reduction. 
It
In this attempt, the method given by Vogel, ^Practical Organic 
Chemistry" ( 77 ), for the preparation of phenylhydrazine, was followed 
exactly.
Hydrochloric acid (d 1.18; 2,18 ml.) was cooled to 0° in a freezing 
mixture, ice (l g, ) was added, and m-aminostyrene (l.OO g. ) was added 
dropwise with shaking, yielding fine needles of the amine hydrochloride. 
The mixture was then diazotised. at 0°, by the dropwise addition of 
sodium nitrite (0.59 g.) in water (1,3 ml.). The solution of the 
diazonium chloride, after standing 10 minutes, was poured rapidly, with 
vigorous stirring, into a solution of sodium sulphite prepared as follows:
Caustic soda stick was crushed and 5.00 g, was dissolved in water 
(6 ml.), the solution being diluted to 37 ml. Phenolphthalein (l drop) 
was then added, and the purple colour rapidly disappeared. On addition 
of a further drop, the purple colour persisted, and sulphur dioxide was 
passed till decolonisation occurred, and then for a further 2 minutes.
The clear yellow diazonium chloride solution was poured into 12,5 ml. 
of this solution, yielding a yellow solution in which was present a small 
quantity of a fine precipitate. The mixture was warmed for 45 minutes, 
then to the solution, which was already acid to litmus, concentrated 
hydrochloric acid (0.3 ml.) was added. The steam—bath heating was then 
continued for 3^ hours, during which time a yellow solid separated from 
the solution. This was filtered off, dried and weighed (l.30g.), and to 
the hot filtrate was added concentrated hydrochloric acid (8.4 ml,).
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After 12 hours, a faint precipitate was obtained, which was collected and 
weighed (0.08 g.).
Investigation of first precipitate.
The solid, dark yellow, was non-crystalline in appearance, and 
could not be crystallised; it was insoluble in water, ethanol and 
methanol, and in non-polar solvents. A little, after thorough washing 
with water, and drying, contained sulphur and nitrogen, and no halogen. 
The solid (l.O g.) and concentrated hydrochloric acid (l5 ml.) were 
heated together under reflu:: for 2 hours. A brot/n solution with much 
unchanged solid, was obtained. Further treatment with hydrochloric acid 
had no effect, apart from causing some darkening of the solid. A 
portion of this latter (0.17 g.), stannous chloride dihydrate (1.2 g.), 
hydrochloric acid (d 1,18; 2 ml.), and ethanol (96%; 2 ml.) were heated 
together under reflux for four hours, but the solid again appeared 
unchanged.
m
The diazotisation was performed as in the first attempt, the 
solution of m-vinylbenzenediazonium chloride prepared from 1.23 g. of 
amine being poured into sodium sulphite heptahydrate (7.83 g.) in water 
(20.7 ml.). A precipitate was formed as the two solutions were mixed, 
but this redissolved on vigorous stirring. The final solution was red- 
brown and almost clear. After two minutes, the solution became yellow, 
and a precipitate was formed. The mixture was allowed to stand 15 
minutes, then zinc dust (0.20 g.) and glacial acetic acid (0.75 ml.) 
were added, and the whole was heated on a steam bath for 20 minutes, 
during which time the mixture turned brown-red and the solid dissolved.
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The mixture was then cooled somewhat, and concentrated hydrochloric acid
(41 ml.) was added, A heavy precipitate formed, which was filtered off 
and dried.
The precipitate (2.08 g,), though brown and non-crystalline in 
appearance, was possibly m-hydrazinostyreno hydrochloride, and attempts 
were therefore made to prepare a benzal derivative:
xhe solid (O.3O g.) was treated with 50% acetic acid, and sodium 
acetate trihydrate (O.24 g«) was added. On warming almost complete 
solution occurred. The solution was filtered warm, and the filtrate was 
added to bonzaldehyde (0,20 g.). On shaking, an immediate flocculont 
yellow precipitate was produced, which was collected and dried; it (0,04 £•) 
was non-crystalline in appearance, and resisted crystallisation from 
numerous solvents. In glacial acetic acid, the material darkened rapidly 
on heating,
III.
A solution of m-vinylbenzenediazonium ' chloride was prepared as 
before, from 1,05 g, of m-aminostyrene. Anhydrous sodium carbonate 
(0.69 g.) was dissolved in warm water (2.9 ml.) and powdered sodium 
sulphite heptahydrate (4.70 g.) was added, the mixture being stirred at 
40-50° for a few minutes. This mixture was then cooled to 5-10°, and the 
diazonium chloride solution was slowly added to it, a red solution being 
obtained, from wliich a yellow solid was soon deposited. After 5 minutes, 
the mixture was warmed to 30°, and sulphur dioxide was passed into the 
mixture. After passing the gas for 10 minutes, there was present much 
unchanged yellow solid, which dissolved when the mixture was warmed.
Further sulphur dioxide was passed through the warm solution, but as the
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mixture cooled, the yellow solid came down again. The mixture was 
again warmed, redissolving the yellow solid, and concentrated hydrochloric 
acid (8 ml,) was added. A brown flocculent precipitate formed, which 
was filtered off and dried. This material (1.05 g.) rapidly gave a 
precipitate when treated with benzaldchyde or cyclohexanone, but in each 
case the precipitate was non-crystalline, and could not be crystallised.
To a portion of the material obtained above was added excess sodium 
hydroxide solution, producing a yellow solution, which was steam-distilled. 
No organic material was obtained in the distillate, while acidification 
of the clear residue yielded a brown flocculent solid. This was collected, 
and after thorough washing was found to contain both nitrogen and sulphur, 
and no halogen.
6o Preparation of m-Hydrazinostyrene using Stannous Chloride Reduction.
The method was first investigated by preparing m-tolylhydrazine 
from m-toluidine, according to the method described by Bischler (95) for 
the preparation of p-nitrophenylhydrazine. This procedure, up to the 
tin complex stage, was essentially that described below for the prepara­
tion of m-hydrazinostyrene. Bischler liberated the p-nitrophenylhydrazine^
as its hydrochloride, by passing hydrogen sulphide through a solution of 
the tin complex. This method was applied in the first preparation of 
m-tolylhydrazine, and though satisfactory, was not considered for the 
preparation of m-hydrazinostyreno hydrochloride. In a second run, the 
solution of the tin complex of m-tolylhydrazine was made alkaline and the 
whole was steam-distilled; the method was unsatisfactory, a poor yield 
of m-tolylhydrazine which appeared to be somewhat decomposed, being
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obtained in the steam-distillate. In a third run, the m-tolylhydrazine, 
liberated as an oil on making its solution alkaline, was directly 
extracted with benzene. The benzene e:ctract, after having been dried 
and distilled, yielded m-tolylhydrazine in satisfactory yield; the 
identity of the compound was established by preparation of its benzal 
derivative, the m.p. of which (96°) agrees with literature values. The 
third procedure described above was therefore applied to m-aminostyrene: 
Preparation of m-Hydrazinostyrene.
To m-arainostyrene (3.00 g.) in a 250 ml. beaker was added, with ice- 
salt cooling and efficient stirring, hydrochloric acid (d 1.18; 30.8 ml.).
To the resulting slurry of amine hydrochloride was added dropwise a 
solution of sodium nitrite (1.75 g .) in water (l4 ml.), the temperature 
being maintained below 3°. Five minutes after completion of this addition, 
the solution was almost clear; stannous clfLoride dihydrate (11.2 g.) 
in hydrochloric acid (d 1.18; 10 ml.) was then added dropwise, the 
temperature being maintained between 0 and +2°. A yellow-white precipi­
tate of the tin double salt was formed which, after standing for 10 
minutes after completion of the addition of the stannous chloride solution, 
was collected and then dissolved in water (50 ml.) at 35°, yielding a 
faintly cloudy, yellowish solution. This was poured into sodium 
hydroxide (8 g.) dissolved in water (40 ml.), in the presence of benzene 
(30 ml.), at 0°, The mixture was shaken, then separated, and the 
aqueous extract further extracted with benzene (2 x 25 ml.). The 
combined benzene extracts, after being once washed with water, were 
dried with sodium sulphate. To the dried, filtered benzene extract was 
added quinol (15 mg.), the benzene was distilled off, and the residue
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distilled under oxygen-free nitrogen, at reduced pressure, to yield 
m-hy.drazinostyrene (0.76 g.), b.p. 104-105°/0.3 mm., n^^ 1,6200.
The product, a pale yellow liquid, cr^ T-gtallised on strong cooling. Founds 
G, 69.73; H, 7.41; N, 19.45. GgHiQNa requires C, 71.63; H, 7.51;
N, 20.88%.
In a second run, using 3.04 g. of m-aminostyrene, 1.32 g. (39%) 
of m-nydrazinostyrene, b.p, 114-116°/l.2 mm., 1.6170, was obtained.
Preparation of benzal derivative of m-hydrazinostyrene.
m-Hydrazinostyrene (0.55 g.) was dissolved in 50% aqueous acetic 
acid (3.0 ml.). This was added to sodium acetate trihydrate (0.55 g.), 
and to the clear solution was added bonzaldehyde (redistilled" 0.44 g») 
in ethanol (2 ml.). A white precipitate was immediately formed. The 
reaction-mixture was heated on a steam bath for one minute, cooled, and 
filtered. The crude dry product (0.88 g.), a cream powder, had m.p. 
120-121°, and after two recrystallisations from ethanol (96%), yielded 
bonzaldehyde m-vinylphenylhydrazone, white needles, m.p. 123.5°» Founds 
G, 81.09; H, 6.50; N, 12.19. requires C, 81.05; H, 6.35;
N, 12.60%.
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